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1 PREFACE 

^%::^^m%^ ITraining Manual and hjonresident Career Course (RTM/NRCC), 
Aotjh^i^ prog-am that will enable the ambitious Electrician's Mate 

^t(Jp^^ for the increased responsibilities of a senior petty of ficen 

Amorng thes^ 'f^isponsibilities are the abilities to operate, maintain, and repair 
voltage and frd^qii^^ncy regulating equipm^^ control device's, 

automatic- aegaussing systems^ no-bjfeak pow^r supplies and* dectrohydraulic 
load-senging governors. In addition, lie must \pfepare himself- to administer" 
maintenance anl;l safety programs as/ well as to teach- en^ireering casualty 
control ' \ 

This RTM/NRCC packg^§ is designed for individual stCi<Jy. and not foqnal 
classroom instruction*. The RTM presents subject matter that relates directly, 
to the occupational qiialificatiiDns of the Electrician's Mate rating. The 
NRCC prckvides guidance in studying th^ RTM with learning objectives and 
study items that emphasize the important study material. 
• This RTM/NRCC was prepared by the Naval Educatio'i) and Training 
Program Development Center, Pensacola, Florida fbr the Chief of Naval 
Education and Training. 



stock Ordering No. 
:0502-LP-052-7360 



Published by 

NAVAL EDUCATION AND TRAINING SUPPORT COMMAND 

Revised 1976 • 



UNITED STATES 
QOVERNMENT PRINTING OFFICE 
" WASHINGTON, D,C. : 1 976 



THE UNITED sIatES HAVY 

^UAgDI^N OF OliR doUNTRY 



r 



The United Stafes Navy is responsible.for maintaining cpntrd of th« s^- 
an(^i^^ ready force on watcj) at.hojjie and oversea^^4|apaBle of strongV 
action to preserve, the pdace or of instant ofjerisive lct^n to win in War. ' 

It is upon the maintenance of this control that ouj; country's gloriots 
future depends; thj? United States Navy exists to make it so. 

WE SERVE WITH HONOR ' * 

• ■ ' . " \ ' ' ' ■ 

Tradition, valor. &nd victory are the Navy's heritage from the past. To 
these may be added dedication, discipline/ and vigilance as thfe watchwords 
of the present and the future. » ' / 

■ At honje or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families 

Oun'esponsibiljties sober us; our adversities strengthen us. 

Service to God and Country is ours'peciaf privilege We serve with honor 

: . :■ • ■ ? , , > ■ . ■ 

I THE FUTURE OF THE NAVY 

'The Navy will always empley- riew weapons, new techniques and 
greater power to protect and defend the United States on the sea. imder 
the sea. and in the air. . " . . " 

' ' ] - • \ ^ ■ ' ' 

Now and in the future, control of the seSj gives the UnitetkStates her 
greatest advantage for the, maintenance, ofVace and for victory in war. 

Mobility, surprise, dispersal, and offensive/ power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future. ir\ continued dedication to our tasks, and in reflection on our 
heritage frpm the jjast. 

Never have our pppprtuni'ties and our responsibilities been ^greater. 
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CHAPTER- 1 . 

CAREER PROGRAM 



;This rate training manual isdesign<id to help 
you meet thie occupational standard^ for 
advancement to Electrician's Mate First Class 
and Chief Electrician's Mate. Chapters 2 through 
^11 of this training manual deal with- the 
technical subject matter of the Electrician's 
Mate rating. It is strongly recommended that 
you study this chapter carefully before 
beginning intensive study of the. chapters that 
follow. 



REWARDS AND RESPONSIBILITIES 

Advancement brings both increased rewards 
and ii^cr&ased responsibilities. The time to start 
^49oking ahead and considering the rewards and 
the responsibilities pf\advancement is right now, 
while you are preparing for advancement to 
'EMlorEMjC. • 

^ By this time /you are probably well aware'of 
many of the advantages of advancfiThent: higher 
pay, greater prestige, more interesting and 
challenging work, and the satisfaction of getting 
ahead in your chosen career. Also, you have ' 
probably discovered that one of the most ' 
enduring rewards of advancement is the personal { 
satisfaction you find in developing your skills 
and increasing your knt)Wledge. ^ 

The Navy also ben«efits by your 
advancement. ' Highly trained personnel are 
essential to the functioning of the Navy. With - 
each advancement,^ you increase your valueUp ' 
the Navy in two ways. First, you become, more 
valuable as a technical. specialist in* your own 
rating, and second, you become more valuable as 
a person who can supervise, lead, and train 
othqVs and thys make far-reaching and, 
long-lastidf^ contributions to the Navy. 



In large measure, the exttyit of* >^0ur 
contributibri to the Navy depends on your 
willingness and. ^ability to accept increasing 
responsitjilities as you ^ advance. When you 
assumed the duties of EMS. you began to accept 

.;a certain amount of responsibility for the Vork 
of ofhers. With each advancement, ydu -accppt 

. an irt.creasing re^pohsibilitv in military matters 
and iij matters relating to the occupatior^al 
requirements of the Electrician^s Mate rating. 
; \ . ' ■■ - > .? . 

You -,will. find that your responsibilities for 
military ^teade^shif) <\re about the same as those 
of petty lofficers in other ratings, sin,(^ ev(iry 
petty of fieei^ is** a military person as \vell as a 
technical k)eciali|^ Your responsibilities for 
technical leadership are special to your rating 
and are directly related to the nature of your 
work. Operating and maintaining the / ship's 
distributiorf System is a job'of vital importance, 
and it i's a teamwork job; it jequires'a special 
kind of leadership ability that can be developed 
only 'by personnel who have a high degree of 
technical competence*^- and a deep* sense of 
personal responsibility.- j: • ^ / 

Certain practical .details that relst^' tb-^our 
responsibilities for divisional a4rfiiilistration 
supervision are discussed in chapter 10 of this 
training manual. At this point, let's consider 
some of- the broader aspects of your irycreasing 
responsibilities^ for military and technical 
leadership. ■ ^ 

YOU^ RESPONSIBILITIES WILL 
EXTEND BOtH'^JP^yARlS()vND DOWNWARD. 
Both officer!^ and enlisted personnel will expect 
you to translate the general orders given by 
officers - into detailed practical- on-the-job 
language- that can be understood and followed 
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evenVelatively inexperienced peigp^nnel. In 
..dealing vAtU your jyniors,.it is up to you to see 
thihs^iev perform their work properly. At the^' 
saitle^Jkme. you must be able *to explain^' to 
■ officers iny important needs '6r problems of the^ 
enlisted/nen. 

' -YOy WILL HAVE REGULAR AND 
CONTINUING RESPONSIBILITIES FOR 
TRAINING. Even if ^jou are lucky enough to 
have a highly skilled and, vveli-trained E division, 
you will still find that training is necessary. For 
^xample, you wjll, always be responsible for 
draining lower rated .men for advancement in/ 
rating. Also, 'Sonic of your best>workers may be ' 

, ..transferred, and inexperienced t>r poorly trained 
personnel may .be assigned to you. Orf a 
particular job may call for skills th^t none of^' 
your personnel have. These and similar problems, 
Vequire you to be a . training specialist who can^ 
condutt formal and informal training programs 

• to qualify personnel for advancement and who 

r can .train individuals and groups in. the -effective 

/execution of assigned task§. 

YOU. WILL HAVE INCREASING 
RESPONSIBILITIES FOR WORKING WITH 
OTHERS. As you advance to EMI and then to 
EMC; you will find that many of your plans and 
decisions affect a farge number of people, some - 
of Ayhom are not Electrician's Mates, and some 
of whoifi are not even in the eriginjeering 
department. It becomes increasingly important, 
therefore; to understand the .duties and 
responsibilities df pefsonneLin other ratings. 
Every petty officer in the Navy is a technical 
specialist in his own field. Learn as muth as you 
can about the work *of other ratings, and plan 
your work so that it will fit in with the overall 
mission of the organization, 

* 

AS YOUR RESPONSIBILITIES 
INCREASE, YOUR A^BILITY TO ' 
C O'M M U N I C AT E CLEARLY AN D 
EFFECTIVELY MUST AL*SO INCREASE. The 
basic requirement for effective communication 
is a knowledge of your own, language. Use 
correct language in speaking and in* writing. 
Remembpr, the basic purpose of all 
communication ^s understanding. Tq lead, to 
supervise; and to train others, you must be able 



to speak and writein sUch a wa^' that others can " 

understand exactly what you mean. 

A second requirement for , effective 
o commutfiication in the Navy is a sound 

knowledge of Ihq^ Navy way of sayii^ things. 

Some Navy terms haVe baen standardi2,ed to 
-ensure effective , communicatiorf. When a 

situation calls for the.,.use of standard Navy. 

terminology ,.usei$.; v J . 

Still another requirement of effective 

communication is precision ' in the use *of 

technical terms> A command of the technical . 

language of the Electrician's Mate will enable 

you to receive and convey, information 
accurately and to exc;hange ideas with others." A.^ 
person who does not understand the precise ^ 
meaning of terms used in connection .With the 
, work of hisVatihg is at a. disadvantage when he 
- tries to read official publications relating to his . 
•work. He is also at a.great disadvantage when he 
takes the written examinations for advancement. 
Although it is always important for you to use 
technical t?rms correctly, it is particularly 
important when you are dealing wi^men of 
lower rate. Sloppiness in. the use of technical 
te^ms is likely to be very confusing to an- 
inexperienced man. / 

YOU WILL HAVlE INCREASED 
RESPONSIBILITIES FOR KEEPING UP WITH 
NEW. DEVELOPMENTS. PracfiJally everyth^T 
m the NaVy-policies, procedures, equipment,' 
publications, systemsjis subject to change and 
development. As an E^l and even more as an 
EMC, you rnlist kea($Vourself informed about . 
all changes and nevX devejopments that' might 
affect your rating. or >\)ur work. ' 

Som^changes will be called directly to your 
attention, but you have to Ipok for others. Try ' 
to deVeloi3 a special kind of alertness for new 
mfofmation. Keep up-to-dqte on all available 
^sources ortechnrcal information. And, above allV ^ 
keep an open mind' on the new types of ^ control^ 
devices being^;developed for and i^orporated 
withm exfsting and new electrical systems. If . 
you back ^^over tire history of electrical 

s^^^ej^ since the^ead of Worid War iI,'you will • 
fin^rthat a number of important changes have 
occurred during this time.; By far, one of the 
most important developments was the Zener 
diode along with other semiconductor devices, 
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such as the jijiiction diode and the silicon 
c6ntro.lled rectifier! Although *the^se 
serpiconductor devices afe used in many of the 
systems with which you are familiar, magnetic 
amplifiers also had a place in the development of 
better- 'electrical systems. These changes were 
neces^ry to cope with the fever increasing 
demands put upon the electrical plant. As more 
and- more* technological advances were made to 
sy^stems that' utilized electric povVer, so it was 
with the systems that provided the power. As a 
result of these ever-occurring changes, the need 
for increasing your technical knowledge is 
apparent and you must do your part to keep 
abreast of these changes. 



THE EM BILLET ^ , 

The EM is one of the general ratings, 
mectrieian's Mates are included in th^ personnel 

>allowance for .practically all types of Navy ships 
including fepair ships and tenders. 

• As an' EMI, you may be assigned to almost 
any type/ of shjp and may be required to fill the 

' senior B'lectricjan's Mate billet on ships the-sirze 
of a destroyer and smaller. Chief- Electrician's 

* Mates are usually assigned to ships the size of 
destroyers and Idjger. 

. SHore' billets for Chief and First Class^ 
,Electrician's, 'Mate include' recruiting duty, 
instrtjictor "duty .at. a service school, recruit- 
trainiing, commands/ f^Javal Reserve, training 
centers? and the Naval 'Education and Training 
Proj^am development Center which is jocated in 

, Pensacola; Florida. * - ' . 



DUTIES 



fj ^ Electricia'n's Mates stand^ watch pn 
''•generators-, svyitchboards. and .control 
equipment; operate' electrical" equipment:, 
ihaintain and repair power and lightiTig circuits. ! 
electrical fixtarys.^^ motors, generators;* 
distribution swif<^fiJfioards, and other electrical , 
equipment; ^nd repair arid., rebuild^ electrical 
^ql^meht in' electrical shops. The specific jobs 
-and* procedure's for parrying out these duties are 
continually changing^dtie to the development of 



new .and improved electrical equipment and 
systems. 



THE NAVY ENLISTED ADVANCEMENT 
SYSTEM 

Many of the rewards of Navy life are earned 
through the advancement system. The basic, 
ideas behind the system l^'ave remained stable for^ 
many years, but, specific portions may charjge 
rather rapidly. It is important that you know the 
system and follow changes carefully. BuPers 
Notices 1418 will normally keep you up to date. 

, The normal system .of advancement may b,e^ 
easier to understand if it js broken .into two 
parts: ' [ ■ ' ' ■ ' 

1. Thosejireq'uirements tl;iat must be mpt 
before you may be considered for advancement. 

2. The factors that actually determine 
whether you will be advanced. 



QUALIFYING FOR ADVANCEMENT ^ 

In general, to qualify (be considered) for 
advancement, you must first: 

1. Have a 'certain amount of time in pay. 
grade. 

2. Demonstrate knowledge of . material* in • 
' your mandatory Rate Training Manuals by 

achieving a suitable score on your command's 
test, by successfully completing the appropriate 
^ NRCC's or, ip some . cases, by successfully 
"completing,an appropriatC/Navy school. 

3. .Demonstrate the ability to perform, all 
the practical requirements for advancemejit by< 

: completing the Record of Practical Factdps,^ 
NAVFDTRA 1414/J, ^ 

4. Be recommended by your commanding 
officer. : . ' , ; 

5. For - petty * offic'er .third and seicond 
"candidates only, demonstrate knowledge of 
^iin'ilitary ' subjects by :_4)assing a locally 

adn\inistered Military/Leadership examination 
based on the nlfval .^standards, fdr advancement 
(NavPers 18068 sVries)." . 

j5. . Demcfnstrate l^owledge of the technical 
aspects of your rate -by ' passing a Navy wide 
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advancement 'ex^ipination based' on the*^ 
tjccupational standards applicable to your rate 
(those standards listed at and below, your rate 
Jevol), ' ^. . 

If you meet -all the above .'fequiri^ments 
satisfactdnly, you ^ become a member of the ^ 
^ group* Irdiii which advancements will be made. 

* • ■ ^' . ,• • ■ , ^ 

^WHO WfLL BE ADVANCED? ^ 



Advan-cewTient is not automatic Meeting . all 

the ^requirements makes ^ you, 'eligible but docs 

no't guarantee your advancement. Some of the 

facjtors that determine which persons of those 

• qualified, wil| 'actually beadvunced in rate are: 
— , .- • » * » ^ * 

• h The score, made on the advancement, 
.examii^ation. ' ^ / 

2. Thl«^length otitime in^ervice!'** , • * 

3. The perfof/nimce marks earned. 

4. The numbcV of vacancies being filjed in a 
given rate. - ' 

If the number of vacancies iri a giuen'rate 
exceed the number of qualified personnel/ then 
. all of those quahfied will be advanced. More 
> often, the number of qualifiecT people exceeds 
the number of vacancies. When tliia happens, the 
Navy uses a procedure^ to advance those whovire 
BEST qualified. This procedure is based on a 
^.combination of three* personnel evaluation 
^ systems: ' . ^ . T _ , , ^ 

^Merit rating system (linr^^al qvaluati:)n- and 
, C^O recommendation). 

Personnel testing 5^em: ^advancement 
examination score-with sm^le credit for passing 
previous advancement ex;a^s). ^ 

Longevity (seniority ) system '(time in i-ate 
• ^^^^^dLtime in service). \ - i*. 

Simply stated, credit is given for how much 
the individual ^as athieved in^the three areas of 
performance, knowledge, and seniority, A 
composite, or final multiple*"'score, is generated 
from /these, three factors with emph^isis on 
, pejformancd. - All of the qualified candidates 
from a Jiven advancement examination'-^ 



' p(3t>ulatioi1 are then placed on the list, based on 
this composite figure, with the highest achiever' 
first, and so on dOwn to the last qualified person 
vin tJie,popul4tion, Beginning at the" top of the 

. - list of candidates for E-4, E-5, and E-6, 
advancement authorizations are issued to* the 
number t>f people needed to fill ^existing ' 
vacancies. / / • 

\Candidates for E-7 with high final miiltiple 
are' defsignated PASS SELBD ELIG \Pass 
Selectioij Board Eligible)/ Their nanys wiH be' 
placed, "be fore the Chief Petty Officer 'Selection 

. 'Board', a BuPers board .charged with considering, 
ajl eligible candidates for -advancement to GPO, 
Advancement authorizations for those beings 
advanced fo CPO are issi^e^ by this board. 

Who, then, are ^he individuals who are 
advanced^ Basically, they are the ones who 

\achie*ea tJie ,MOST in ^ preparirtg for 
advancei^qnt. They wete not content to just 
ciualify. They wont the extra mile in their 

^ training. Through, th^t training and their work 
experience they developed greater skills; learned 
more, and accepted more responsibility; 

' ^ While' the advancement^ system "cannot 
guarantee that any one person'wi'll be advanced, 

'■'it dops guarantee that all persons within a' 
particular jate will compete equally for the 
vacancircs that exist.' . . . ^ 



SC0l>E OF THIS RATE 
^ , ' TRAINING MANUAL 

Before studying/iiny book, it is a good idea* 

, to know the purpose and the scope of the book. 
You should know that this rate training manual 
will give yoi3 information of the occupational 
standards for advancement to ;EMI and EMC 
and that ^ou must siJtisfactorily complete the 
nonresident career course associated with the 

^ manual before yoU can advance to EM 1 or EMC, 
whether you are in the regular Navy or in the 
Naval Reserve, . - / 
y This jate training manual does NOT give you 

/information onMhe naval .requirements for ^ 
advancement to POl or CPO, Rate training 
manuals that are, specially prepared to give 
■ information of the naval req'uirements are 

'^discussed in the section of this chapter that deals 
with sources of information. 
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This rate training manual does NOT give you 
information that is related primarily, to the 
occupational standards tor advancement to EM3 
and EM2; Such information is given in^ 
Electricians Mate 3 & 2, NAVEDTRA 10546-D. . 

The occupational standards ^at. were used 
as a guide in the prepaMtion of t_h]^ rate training 
manual were those set forth in the Manual of > 
Qualifications for Advancement (called the Navy 

^ Enlisted Manpower and Personnel Classifications 
and Occupational Standards) NAVPERS 18068 
series. Therefore changes in the Electrician's 
Mate ' qjualifications or standards may not be 
reflected in thy information given in this training 

* rnanuah Since your major purpose in Studying 
this training manual is to meet the occupational 
standards for advancement to EMI and EMC, it 
is important for you to obtain and study' a set of 
the most recent Electrician's Mate standards. ^ 

This rate training manujil includes 
information that is 'related to both " the 
KNOWLEDGE FACTORS and the PRACTICAL 
FACTORS of the standards for advancement to 
EMI and EMC. However, no training manual can 
take the place of actual on-the-job experience 
for' developing skill in the practical factors. The 
training manual can help you understand some 
. of the technical applications, but you should 
combine knowledge with'practical experience to 
4tf5velop the required skills. Use the RecOfd of 
Practical Factors, NAVEDTRA 1414/1, in 
conjunction with this training manual whenever 
possible/ 

This training .manual Ideals almost entirely 
with electrical equipment -installed on 
conventional steam-driven surface ships. Before 
studying this^ manual, study the • /table of 
contents and note the • arrangement of 
information. Information can be organized and 
presented in many different ways. You will find 
it helpful to have an overall <^iew of the 
organization of this manual before you start to 
; study it. 

SOURCES OF INFORMATION 

It is very important that you have an 
extensive knowledge of the references to consult 
for' detailed], authoritative, up-to-date 



information On all subjects related to the naval^ 
requirements and to the occupational standards 
of the Electrician's Mate. 

Some of the publications discyssed in this 
section are subject to change or revision from 
time to time-some at regular intervals, others as^ 
the peed' arises. When using any publication that 
is subject to cjiange or revision,, be sure that you 
have the latest edition. When using any 
publicaticJn that is kept current by means of 
changes, be sur.e you have a cqpy in which all 
official changes have been entered. . 

NAVPERS AND NAVEDTRA \ 
PUBLICATIONS 

T^he NAVPERS and NAVEDTRA 
publications Kiescribed below include some 
which Vare absolutely essential for anyone 
seeidngVadvanceigent and some which, although 
not essential, are extremely helpful. 

Manual oF Navy^ Eirft^ted Manpower 
and Personnel Classifications 
and Occupational Standards 
(Occupational Standards Manual) 

The Manual of Navy Enlisted Manpower and 
Personnel Classifications and Occupational 
Standards gives the minimum requirements for 
• advancement to each pay grade within each 
^rating. The Occupational Standards Manual lists 
the naval requirements which apply to all 
ratings and the occupational standards that are 
specific to each rating. \- 

The Occupational Standards Manual ' is kept 
current by . means of numbered changes. These 
chariges are issued more frequently than most 
rate training manuals can be revised; therefor-e, 
the training manual cannot always reflect the 
latest standards, for advancement. When 
preparing for advancement, you should always 
check the LATEST Occupational Standards 
Manual and the LATEST changes^to be sure that 
you know the current requirements for 
advanceme!U in your rating. * 

When siudyi^e the standards for 
advancement, rememner that the standards are 
the MINIMUM requirements for 'advancement to 
each pay grad- within each rating. If you study 
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more than the required minimum, yoii will of 
.course have^a greater advantage when you tal<e 
the written examination for advancement. Each 
standard ' has a designated pay grade-E-'4 
* through E-9. You are responsible for meeting all 
standards sptstified for advancement 'to the 
paygrade to which you dre seeking advancement 
AND all standards sj^ecified for lower pay 
' grades. The written examinatidns for 
advancement to E-6 and above cohtain questions 
relating /o the practical 'factors and the 
knowledge factors of BOTH military/leadership 
^ requirements and occupational standards. 
. Personnel preparing for advancement to E-4 or 
• E-5 must pass .a separate military/leadership 
^ examination prior to participation in the 
Navy-wide occupational examination. The 
military /leadership examinations-for the E-4 and 
E-5 levels , are given according to a schedule 
.prescribed by the commanding officer 
;• Candidates are inquired to pass the a^jplicable 
mihtary/leifdership examination only once. 

The RECORD OF.PRACTICAL FACTORS 
. :«s a special form usecf to record the satisfactory 
completion of the practical -factors, both naval 
and -occupational, listed in the Occupational 
.■ Standards Manual, \yhenever . a persdn 
demonstrates his ability to pecforiri* a practical 
^ctOF, appropriate entries should[>b.e:-j}iade in the 
. DATE and INITIALS co|umn. As an EMl" or 
mC, you' will often be required to check the 
, practicaf factors performance of lower fated 
> "B^P '■eP^'"t the results to your supervising 

. .•Tecords of practical factors are often maintainftl 
aboard ship. 'Entries from the group records 
should be transferred to each individual's 
Record of PracticaJ Factors at appropriate • 
intervals. t-t- t- 

y As changes are made periodically to the 
^Occupational Standards 'new forms of 

NAVEDTRA 1414/1 are provided when' 
necessary. Extra space is allowed on the Record 
of Practical Factors to enter additional practical ' 
factors as they are published in changes tb^the 
Occupational Standards Manual. The Record of 
Practical Factors also provides space for 
recording demonstrated proficiency in skills 
, which are within the general scope of the rating 
but which are not identified as minimum 



Standards for advancement. Keep th s in mind 
when you are training and supervising lower 
rated personneL^H^^a'' man demonstrates 
prcKicienp;^-s6me skill which is not tisted in 
the^Electrician's Mat? standards but which falls 
within the general scope of the rating, report 
this tact to the supervising officer so that an 
appropriate entry can be made. 

The Record of Practical Factors should be 
kept in each man's service record and should be 
forwarded with, the service record to -the next 
duty station. Each man should also keep a copy 
of the reqord for his own use. 



Bibliography for Advancement Study 
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NrvJi™*^'"^'"''/'^'-'' Advancement Study 
. NAVEDTRA .10052, is a very important ^ 
publication , for any oi>e preparing for 
advancement. This pubhcation lists required and 
recommended rate training manuals and other 
reference material to be used by personnel 
working for advancement. NAVEDTRA 10052 
JS revised and issued once each year by the Naval 

Education and Training Program Development 
Center Each revised edition is identified by a 
. letter following the NAVEDTRA number When ^ 
using this publicaHon, be SURE you have the 
most recent edition. 

The required and recommended references 
innco ."^ pay grade level in NAVEDTRA 
I UU52. It IS important to remeinber that you are 
responsible for all references at lower pay grade- 
levels as well as those listed for the pay grade to 
which you are seeking advancement." 

Rate training manuals that are marked with ' 
MAMn'I'?^^*^ NAVEDTRA 10052 have a 
MANDATORY nonresident career course at the 
indicated pay grade levels. Credit for mandatory ' 
training courses mayl^e obtained by passing the 
appropriate nonresidfent career course based on 
the mandatory training manual (additional ' 
.credit will not be given if you. have previously' 
completed any EM 1 & C course), passing locally. . 
prepared tests based on the information given in 
the mandatory training manual,' or in some 
.cases, successfully completing an appropriate 
Navy school. • ^» 

^ It is important to notice that all references 
whether mandatory or recommended, listed in 

II 
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NAVEDTRA, 10052 may be used .c^ source 
piaterial for the written examinations, at the 



appropriate pay gra^ti^^levefs. 
Rate Training Manuals 




(such\i 



Rate training manuals are writt^ 
;personnel prepare tor advancemc ^ 
courses are general in natur<^and are 
for u5e by more than one rating; others^ 
this one) are specific- to the particular rating. 

Rate training manuals 'are revised from time 
to time to bring them up-to-date. The revisicyi of 
Qi rate training manual is identified^by abetter 
following the NAVEDTRA number. You can ^ 
. tell' whether a rate training manual is the latest 
edition by checldng- the NAVEDTRA number 
and the letter following the number in the most 
recent edition of the- L/s/ of Training Manuals 
and Correspondence Courses, NAVEDTRA 
10061. 

There are three . rate training manuals that 
are specially prepare'd to oresent information on 
the navjtHi requirements , for advancement. These 
manuals are i Basic- Military RequiremeMs, 
NAVEDTRA' 1.0054: yW/7/7ao' RequirementWor 
Petty Officers 3 & 2, NAVEDTRA 10056;Jnd 
Military Requirements for Petty Officers 1^ C, 
^ NAVEDTRA 10057. v ' 

Each- of these, rate training manuals has a 
mandatory nonresident career course associated 
with it at the indicated pay grade levels. In 
addition to giving information on jhe naval 
requirements,' these three books give a good deal 
of useful information on the enlisted rating 
structtire; how to prepare for advancement; ho\y 
to supervise, train,- and lead other men: and how 
to meet your increasing responsibilities as you 

advarrce in rating. , ^ ^ 
Some of the rate training manuals that may 
be useful to'you when you ^are preparing to meet 
the occupational standards for advancement to 
'EMI and EMC are .discussed briefly in the 
. following parajgraphs/For a complete listing of 
training manuals, consult the of Training 
Manuals and Correspondence Courses. 
i • Tools and Their Uses, NAVEDTRA 10086-B 
' *is not specifically required for advancement as 
. an Electrician's "Mate. 'However it contains a 
good deal of useful information on. the. care and 



of all typ'es of Itandtools and portable power « 
tools commonly used in the Navy. 

Blueprint Keading and Sketching," 
NAVEDTRA 10077-D contains information 
that may be of value ^to you as you preparcfor 
advancement to EMI and EMG. 

Mathematics, Vol. 7, NAVEDTRA 10069-C, ^ 
Mathematics. Vol 2, NAVEDTRA 1 007 1 -B 
. are two training manuals tnat may be helpful if 
you need to' brush up on ^our mathK^matits.- 
Volume 1, in particular, cqfllaifts basic 
information that is needed fbr^using formulas 
and for -making simple^ computations. The 
information' contained i:n volume 2 is more 
advanced than you will need for most purposes, 
but you may ocaisibnally find it helpful. 

Satisfactory completion of the nonresident 
career course associated with Electrician's Mate 

' S & 27 NAVEDTRA 10546-D is required for 
advancement to.EM3 and EM2. If you have met, 
this.requirement by satisfactorily completing an • 

' earlier Electrician's Mate 3 & 2^ nonresident 
career cotirse, you should at least glance through 
the latest revision of the training manual. Much 
of the information- given in this edition of 

"Electricians Mate 1 f&. C is" based on the 
assumption that you are, familiar with the ^ 
contents of Electrician 's Mate 3 & 2. - 

Rate training manual^s prepared for other- . 
ratings are often a useful source of information. 
Reference to these manuals will increase your 

- 'knowledge of the duties and skills'pf other men 
in the engineering department The r^te training ' ^ 
manual .prepared for IC Electricians* will 
probably be of particular irrterest tg^ou. 
^ . \« 

Officer Texts < . - 

Officer texts tl^O'ou may find helpful as ^ 
you prepare for advancement^ to EMI and EMC ; 
ii;i cl ud e Engineering Administration , 
NAVEDTRA Shipboard Electrical ^ 

5ys/e/m, NAVEDTRA 1 0^864-C. ' : . 

Nonresident Career Courses 

, J M6st rate training manuals and officer t^xts 
are used as the basis for nonresident carep 
courses. ' Yoti will find it *h^lpfiil to take 
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> 



NAVEDTRA. 10052 may be used.c^ 
piaterial for the written examinations, 
appropriate pay gra^ levels. 



source 
at the 



gra^y^^level: 




Rate Training Manuals 

/' }■ ' ■ — - 
Rate training manuals are writt^ 

•personnel prepare for advanceme ^ 
courses are general in natur<^and are 
for u^e by more than one rating; others (suchV 
this one) are specific- to the particular rating. 

Rate training manuals 'are revised from time 
to time to bring them up-to-date. The revisicyi of 
Qi rate training manual is identified^by abetter 
following the NAVEDTRA number. You can \ 
. tell' whether a rate training manual is the latest 
edition by checldng- the NAVEDTRA number 
and the lettqr following the number in the most 
recent edition of ihc- List of Training Manuals 
and Correspondence Courses, NAVEDTRA 
10061. 

There are three . rate training manuals that 
are specially prepare'd to oresent information on 
the navjtHi requirements .for advancement. These 
manuals are i Basic- Military ReqniremeMs, 
NAVEDTRA Military RequirementWor 

Petty Officers 3 & 2, NAVEDTRA 10056; Jnd 
Military Requirements for Petty Officers 1^ C, 
^ NAVEDTRA 10057. v ' 

Each- of these, rate training manuals has- a 
mandatory nonresident career course associated 
with it at the indicated pay grade levels. In 
addition to giving information on jhe naval 
requirements,' these three books give a good deal 
of useful information on the enlisted rating 
structtire; how to prepare for advancement; ho\y 
to supervise, train,- and lead other men: and how 
to meet your increasing responsibilities as you 
• advarrce in rating. , ^ ^ 
Some of the rate training manuals that may 
be useful to'you when you ^are preparing to meet 
the occupational standards for advancement to 
'EM.l and EMC are .discussed briefly in the 
. following paralgraphs/For. a complete listing of 
training, manuals, consult the of Training 
Manuals and Correspondence Courses. 
i • Tools and Their Uses, NAVEDTRA 10086-B 
' *is not specifically required tor advancement as 
\ , an Electrician's "Mate. 'However it contains a 
good deal of useful information on. the. care and 



of all typ'es of Itandtools and portable power « 
tools commonly ujed in the Navy. 

Blueprint Reading and Sketching," 
NAVEDTRA 10077-D contains information 
that may be of value ^to you as you preparcfor 
advancement to EMI and EMG. 

Mathematics. Vol 7, NAVEDTRA 10069-C, ^ 
Mathematics. Vol 2, NAVEDTRA 10071-B 
. are two trainirig manuals tlfat may be helpful if 
you need to' brush up on ^our mathH^matits.- 
Volume .1, in particular, cqfllaifts basic 
information that is needed fbr^using formulas 
and for -making simple^ computations. The 
information' contained i:n volume 2 is more 
advanced than you will need tor most purposes, 
but you may ocaisibnally find it helpful. 

Satisfactory completion of the nonresident 
career course associated with Electrician's Mate 

' i & 27 NAVEDTRA 10546-D is required for 
advancement to. EM3 and EM2. If you have met-, 
this.requirement by satisfactorily completing an • 

' earlier Electrician's Mate 3 & 2^ nonresident 
career cotirse, you should at least glance through 
the latest revision of the training manual. Much 
of the information- given in this edition of 

"Electricians Mate 1 j& C is" based on the 
assumption that you are, familiar with the . 
contents of Electrician 's Mate 3 & 2. - 

Rate training manual^s prepared for other ^ 
ratings are often a useful source of information. 
Reference to these manuals will increase your 

- 'knowledge of the duties and skills'of other men 
in the engineering department The r^te training. / 
manual .prepared . for IC Electricians* will 
probably be of particular irrterest to ^ou. 

Officer Texts < . 

Officer texts tlCTyou may find helpful as 
you prepare for advancement^ to EMI and EMC 
ii) cl ud e Engineering Administration , 
NAVEDTRA 10858-E: ^nd Shiphoard Electrical 
Syste?ns. NAVEDTRA 10^864-C. ' : . 

Nonresident Career Courses 

. > M6st rate training manuals and officer t^xts 

are used as the basis for nonresident career 

courses. ' Yoti will find it *h^lpfiil to take 
"»-*^ ■ > ■ 
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nonresident career courses other t'fiarj thbse that 
are mandatory. For example, the completion of 
the nonresident career course based on, 
Introduction to l-lectronics is ' strongly 
recommended for personnel .preparing for 
advancement to EMC. Taking a nonresident 
career course helps you to -master the 
information given in the training manual and 
also gives you a pretty good idea of how much 
you have learned from studying the book 

N A VSE A PUBLICATIONS 

K^K^rT""^" °^ publications issued by 
NAVSEA will be of interest to you. WhUe you 
do not need . to know everything that is given in 
the publications mentioned here, you should 

ma'./c."^" '° ""'I information 

in NAVSEA publications. , 

NAVSHIPS Technical Manual 

The NAVSHIPS Technical Manual is the 
ba.sic doctrine publication of the Naval Sea 
Systenis Command." The manual is kept up to 
...date by means of issuing chapter changes 
annually or less frequently as necessary. When 
intra-year changes are heces.sary, either a new 
chapter i.s issued ^ a NAVSEA Notice is 
.distributed as a tem|prary chapter supplement. 
All copies ot the manual should have all changes 
made m them as .soon as po.ssible after the 
changes are received. 

The following chapters of the NAVSHIPS 
Technical Manual are ot particular importance 
to you. 



C'haplcr 
Number 



litle 



...^00.1 Allowances. Surveys, and 
I<e(|uests for Material 



J'orts, 



Inspections, Records, Re 
;in(l Tests 

'^400 Tablesof Technical Data 



'^4.'^0 Lubricating Oils, Ureases, and 
Hydraulic fluids and 
Lubrication Systems 



Chapter 
Number 

9600 
961 a 

9621 

9622 




. 9850 
9883 



Title 

Electric Plant-General" 

Electric Power Generators and 
Con versi on Eq u i pme n t 

Electric Power Distribution 
/ .System 

Storage Batteries (?ortable) 
. and Dry Batteries 

Electric Motors and Controllers 

Lighting 

Searchljj 

Mine Protection; Shipboard 
Degaussing Installation 

Motion Picture Equipment 
Engineering Casualty Control 



NAVSEA Journal 

The NAVSliA Journal is a monthly 
publicarton which contains interesting and 
u.sef.ul information on alf aspects of shipboard 
engineering. The magazine is particularly yseful 
because it supplements and clarifies information 
contained in the NAVSf/lPS Technical Manual 
and because, it prc.se^s information on new 
equipment, policies, and procedures. 

Manufacturers' Technical Manuals 

The manufacturers' technical mnnuals that 
are furnished with most electrical components 
and many types of equipment are valuable ^ 
sources of information on operation • 
maintenance, and repair. The manufacturers' 
technica manuals for generator sets and other 
electrical eciuipment arc^ usually given NAVSLA 
numbers. 
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TRAINING FILMS 

Training lUms availablv to naval personnel 
are a valuable source \ of supplementary 
information on many technical subjects. Films 
that may be of interest are listed in the United 
States Navy Film Catalogs NAVSFA 10-j-7l7. 
Supplements to the Film Catalog carry the 
number NavAir 10-1-777. 

AVhen selecting a film^ note its date of issue 
listed in the film catalog As you know. 



procedures somi?times change rapidly. Thus, 
^me films become obsolete rapidly. If a film is 
obsolete only in part, it may sometimes, be 
shown effectively if before or during its showing- 
you .carefully point out to trainees the 
proct^durcs that have changed.^ For this reason, if 
you "are showing a film to train other personnel, 
talie a look at it in advance if possible so that 
you may spot material that may have becDme 
obsolete and verify current proceed urc^; by 
looking them up in the appropriate sources 
before the formal showing. 



/ . 
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CHAPTER 2 

SAFETY 



This chapter is about safety. It covers the 
responsibihties of the senior petty offkrer in the- 
pefTDrmance of evolutions where safety ms 
necessary to accomplish assigned * tasks 
.successfully, ' 



RESPONSIBILITY 
FOR SAFETY 



Responsibility for the safety oF personnel is 
vestc^d in the commanding officer. Article 0712 
of V S. Navy. Regulations reads aj^ follows: ^The 
Commanding Officer; «ihall require that all 
persons concerned are instrucTted and drilled in 
applicable safety* precautions and procedures; 
that they ar6 complied with and that applicable' 
safety precautions or extracts therefrom are 
S posted in appropriate places. In any instance 
where safety precautions have not been issued or 
are incomplete, he shall issue or augment such 
safety precautions as he deems necessary, 
notifying, when appropriate, higher authorities 
concerned." 

While the commanding officer cannot 
delegate his responsibility for the safety of all 
personnel under his jurisdiction he must 
necessarily dclegule his authority to all officers 
•and petty officers under his command to ensure 
that all yre^cribed sa fety precautions are 
understb()(?aTi^d ^mforced according to the above 
articles > ' i 

As: the leading lilectrician's Mate, your 
responsibilities regarding .siifc;ty may be grouped 
into three areas as f()(l()ws: 

Responsibilities concerning the f{M (noup or 
M Divjision these responsibilities include 
ensuriijg that all men in the group are aware of 
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anU are observing all shipboard, safety' " 
precautions, especially those regarding electrical 
safety. 

. Responsil^ilities concerning nbnelectrical 
ratings- as an EMI or Chie.f FJectrician's .Mate, ^ 
you will automaticallV Be considered an expert 
on electrical safety precautions. Thus, you havi; ■ 
a responsibility to educate the men. whose 
primary duties are nonelectrical, in these 
precautions.^ The responsibUities in this area are 
ever increasing as more aiui more electrical 
nia^^hines and equipment arc being utilized for 
the various jobs aboard ship. 

RespoiTsibilities as a petty officer in this 
area you have the same responsibilities as all 
other petty, officers of e(|ual paygrades in- 
enforcing all safety precautions. * 



ELECTRIC SHOCK 

The How of current through the body is the. 
cause of electric shock. Factors determining the 
extent of the body damage due to electric shock 
are the amount and duration of (he current 
flow, thq parts of the body involved, and the 
frequency of the current, if a.c. In general, the 
greater the current or the longer the current 
flows, the greater v^ill be the body damage. 
Body damage is also greatest when the current 
How is through or near nerve centers and vhal 
organs. Sixty-hert/ current is considered slightly 
more dangerous than current either of a lower 
frequency or d.c. This difference is small, 
however, and the same precautions that apply io 
60-hert/. a.c. also apply to direct current. 

Men differ in their resistance to ejectric 
shock, and consequei>tly, an amount of current 
that may cause only a-painful shock to one man 
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miglit be fatal to another. Table 2-1 presents^e 
effects of 60-hertz currenrs {lowing through the 
body from hand to hand or hand to foot.' 
Summarizing the table, it can be said that at ' 
approximately I nia. (0.001 ampere) shock .is 
perceptible: at approximately 10 ma, (0.010 
ampere) shock is sufficient to prevent voluntarv^. 
control of the muscles: and at approximately * 
100 ma. (0.1 ampere) shock is fatal, if it lasts for 
1 second or more. 

High-frequency currents of approximately 
200 Hz and above have a tendency to flow along 
the surface of the skin (skin effect) and persons 
coming into contact with these ciirrents usually 
suffer severe burns/although the current- may 
not penetrate the body. In addition to the 
possibility of severe burns or death, involuntary 
movements: as a result of electrical &shock'. can 
cause other types of serious injuries resulting' 
from falls. c9ntact with rotating machinery or 
heated materials, etc. 

Serious injuries of this nature can occur 
without the real cause receiving widespread 
attention. Two conditions must be present for 
an electric current to flow through the body and 
cause electric shock. First, the body or some 
part of the body must forni part of a closed 
circuit, and second, somewhere in the closed 
circuit there must be 4 voltage, or a difference in 
potential, to cause a How of current, it follows 
then, that to prevent electric shock you should 
ensure that your body never forms part of a 
closed circuit (make certain that your body is 
well insulated from grpund). 

Tests made by the National Bureau of 
Standards show that the resistance of the human 
body may be as low as 300 ohms under 
unfavorable conditions such as those caused by 
salt water and perspiration. This indicates 
immediately that it is possible i)br a potential 
difference as low as 30 volts to 'cause the fatal 
0.1 ampere flow of current through the body, it 
*is true that this is an extren1e^y unlikely 
conditioir; however, it leaves no doubt as to the 
dangers involved 01 to precautions necessary 
regarding the I 20-volt circuits aboard ship. 

•* Practically all electri liocks are due to 
human error, rather ,than ec|uipment * failure. 
Equipment may suddenly fail and cause fatal 
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Table 2-1.-60 Hertz Current \Ailues 
■ Affecting Human Beings 



Currfnt Value 


Effects 


Le^s, than 1 ma. 


No 'sensation. 


1X6 20 mav * 


Mild sensation to painful 
shock, may lose control of 
adjacent muscles between 
10 to 20 ma. , 


2p tp 50. ma. 


I*ainful ghock, severe mus- 
cular contractions, breath- 
. ing difficult. . ^ 


50' to 100 ma. 


Same *as -above, only, more 
severe, u^o^OO rpa. 


•fw to 200 ma. . 


A heart ^ondijllon known as 
vehtVitulati i'fa^r i l 1 a t i 0 n 
may , occut* > a^j^here be- 
tween 100 and'1200 mai caus- 
ing death ^^'most immedi-. 
ately. ; ' \ 


Over 200 ma. 


Severe buorrilSt^ki^ . muscular 
contractilin^ ^/^^j/ere that 
the chest muscij^fe clan^p 
the he^irtand stop It for the 
duratfori of the shocki . 







shock even if skillfully designed for safety, 
thoroughly tested before use, and used in 
accordance with applicable /safety precautions. 
This can happen, but rarely does. Nearly all the 
shipboard deaths are c;4used by unauthorized use 
of. or u na ut hori/ed . modificat io ns to, 
equipment; failure to observe th'e applicable 
safety precautions when Using, or when working 
on or near energized equipment; failure to repair 
equipment which is known to be defective and 
has previously given a mild shock to users: 
failure to test and inspect equipment for defects: 
or failuVe to reniecly all defects found by tests 
aiul inspections. All of these failures may be 
summarized as failure to observe applicable 
safety precautions. . 
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^LECTRICA%. 
SAFETY PRECAUTIONS 

Preventing injury or de^ith from electric 
shock and damage to electrical equipment ' 
' requires strict adherence to applicable electrical. 
. safety precautions by all personnel: 

In addition, to the general electrical safety. . 
precautions as discussed in lUectrician's ^M'e'S . 
& 2. NavEdTraS 10546-D. and fMl^^If^ ' 
: Technical Manual^ there, are otW special 
precautions that-'^pj^ly to specific .i;JeetncaT-'Ta 
equipment and to 'Certain types .of ^fectficai,;, ; 
^ jobs. As an EM i .or Chief- Hfectrician VMate ydif; * 
•must be thoroughly f^nifiliar with these 
precautions as yppli(^^ to,tht' equipment and 
electrical work ort. yQu.r . ship. It is)your 
responsibility to , slop ^^Vorl< until safety 
, violations are corrected, whenever they occur. 



WORK AREA SAFETY * 7 ' 

.In any work 'area, certain hazard^ can be 
found. (Jround rules^must be set and followed. 
Past- problem^j and mistakes make it mandatory 
that these instructions "be posted in your work 
arv^as. To alert the individual, warning and 
danger signs must be posted j For the worker, 
operating instructions and safety precautions 
must be posted. Also, applicable first ^aid 
. instructions are posted. 

Let us examine some of the siifety features 
found in electrical work areas. The workbench is 
insulated on all surface areas and rubber matting 
is on the deck. To further protect the worker, 
grounding straps are installed on the bench. For 
handling purposes, rubber and leather gloves are 
n^stored at the workbench along with safety 
glasses or face shields. 

A test switchboard is normally supplied to ' 
test the various items that will come into the 
shop. To properly utilize the lest switchboard, 
operating instructions, safety precautions, and 
high v(Dltage signs as" well as instructions in 
artificial r^*S[)iration and heart massage ;we. 
posted. 

On or close by any switchboard, are Ibund 
the same written items mentioned for test 
switchboards. Rubber matting is also installed 
'and protective barriers are provided lo prevent 
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unauthorized entry to the rear of service 
switchboards. - ' 

The previously mentioned information is 
applicable to-.eqMtj^ment installed and operated 
in the battery locker. However, because of the 
nature of the work involved, added precautions 
are found pertaining to the mixing and handling 
ol the electrolyte and precautions ahd warnings 
related to high hydrogen gas mixtures. 

In all the work areas mentioned, the posted 
items and safeguards are 'thert^^oi instruct^ and 
protect iby individual. They inusli^e'rnain intact 
and in optimum condition. -'^ l ' 

In most electric shop^JK^^if^^ types 
of rotating machinery si>^ #^^encK^^^ 
coil winders, lathes, and d^^Tj^^^i^rfs^^^^^^^ 
sense safe practices appm^^^^ of^ 
power-driven ^tools; for example' do not attempt 
to operate a machine with -which you^»are not 
familiar. Likewise always make sure there is 
plenty of light anytime you are ^ Operating 
electrical tools * ^ • , 

Before operating a machine be"^^! the' 
machine guards are - in place (machr^^^ 
should be kept in position at all tim^ unless 
removal is authorized by a supervisor or during 
repairs and inspections). To minimize the hazard 
of getting caught in th^* machine, don't wear 
loose or torn clothing, gloves, neckties, long 
sleeves, wrist watches, wrist bands, or rleck 
^ chains. 

v^lien operating a machine , do not^ lean ; 
against it or allow others to. Clamp work pieces'; 
securely to the machine and do not exceed the 
recommended depth, of cut, cutting speed, or ' 
feed. Wear goggles, a face shield, or other 
authorized eye protective devices when you are 
grinding or when Hying chins may be a hazard. 
Ensure tJiaf others in the inimediate area do the 
same. If clothing gets caught in the machine, 
secure the power immediately. If you must leave 
the machine unattended, secure it. 

During repairs or adjustments, shut off the 
machine, take tlie>wcfessary precautions by 
attachin^^a warning tag to the switch to warn 
others not to energize it (fig; ,2-1). ( hips should 
be removed with a brush or other suitable tqol, 
rather than by hand or with compressed air. ThJ 
area around the machine should be ke55t clear of 
^obstructions and in a nons'lippery condition. 

17 
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CaLOR: BLACK, OVER RED 
OVERPRINf- 




40.iS7{67B)C ^ 



Figure 2-1. ^Danger tag. 



When working around energized machines 
take care not to distract the operator. If you arc 
using portable electric equipment, take special 
care that the cord is clear of all moving maciiine 
parts. 

PORTABLE METAL CASE . ^ 
ELECTRICAL EQUIPMENT 

When an operator is. using a portable metal 
case tool on an ungrounded distributioi^. system, 
assuming all connections are correct and that the 
plug is inserted in the right position, the three 
lines of defence that protect him from electric 



shock are (1) the insulation on the distribution , 
system, (2) the in^ulati^on on the tool and cord, 
* and (3) the grounding conductor. , 
' V If the insulation resistance of the 
distribution system is not free of grounds and , 
the insulation of the tool is not s6und, then the', 
only line qf defense' left for an operator is the 
grounding conductor. It is of vital importMnce 
that the ground wire connections between the 
metal housing of the tool.and thv* steel structure 
of the ship roniain intact and have a'resist^anca^ 
. .yalu^ of less than 1 ohm. ' 

To ensure that all these requirements are 
i_ jue t , - J ni t iai a Ji jd pcvr i o d ^ 

necessary. The frequency and types of tests and. 
inspections -necessary are found in NAVSfUPS 
Techmcul Manual. Chapter 9600,; 

It is suggested that, at the discretiqn of the 
commanding officer, a list be maintained of 
portable equipment which reqiiire testing on a 
, set-.cycle depending^ ship conditions. The list 
should inciud^^ portable hand-held electrii;: too^s 
that are perrfianentlj^ charged out or are on loan 
to otheV shipboard Separtments-af divisions, and 
electrical e^quipment *whi'cft^ is freq^uently* 
touched, siich'.as hot pliltes,. coffee makers, 
tpasters. portable 4 20-v»lt vent sets, and moCic 
projectors. « ^ . . 

SOLVENTS AND 
^OLATILE LIQUIDS 

The choice of a solvent will depend upon 
availability, the degree of fire risk involved, ^and 
the facilities for/ majntaining adequate 
ventilation. Gasoline or benzine should not be 
used for cleaning purposes under any 
circumstances. The following are the three 
".principal solvents approved for use in removing 
oil, grease, etc. from v^lectrical current carrying 
pacts or insulation. 

Inhibited mqthy Ichloroform (1, 1, 1 
trichloroethane, as covered by the-latcst issue of 
Federal Specifications O-T-620) should be 
restricted to those cleaning jobs where other 
cleaning agents, such as sOap and water or type 
II dry cleaning solvent are unsatisfactory, and 
should be distributed , in small quantities (pint 
cans), to avoid iiidiscrimiiiate use from open 
buckets for cleaning jobs sucii as bilge cleaning, 
etc. , , 
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Inhibited methylchlorotonTl may be very 
injiiriQus to certain varnishes and insulation if 
^allowed to collect in pockets where it does hot 
evaporate readily. Before using, observe the^ 
action on a small area or sample of the.lnsulating 
material. If it is apparent that it will injure the 
varnish or insulation, another solvent should be 
selected. 

An inhibitor is added, to methylchloroform 
to permit its use on aluminum. Inhibited 
methylchloroform itself is nonnammable and 
nonexplosiv^e, but after 90 percent evaporation, 
the rc^siduV contains high p6rcentages of 

.flammable inhibjtor.._ : ' . • \ . ' . 

'Inhibited methylchloroform will cause 
V rusting orf bare ferrous surfa^ces if it is not 
completely evaporated or otherwise removed at 
the completion of the cleaning operation.' It 
should not be allowed to come in contact with a 
commutator or brushes as unsatisfactory 
commutation may result. ' 
^ "This solvent produces a hypnotic effect 
when jbt-eathed for relatively short periods of 
^im.e ,ah'd. whpn used without adeq<b_te 
ventilation, the fumes will displace the air and 
may suffocate those in the area. The hypnotic 
effect makes the victim unresponsive to dangers 
as well as-unresporm^ 

every reasonable effbh' must be made to ensure . 
liberal ventilation through use of exhaust fans or 
portable blowers whenever personnel use this 
solvent for more than a. few. minutes. In the ran 
cases when such means, of ventilation 
impractical, an air line respirator 
self-contained breathing appar^^tus riltist 
when the work is to continue for mo 
few. nvinutcs. 'When pefjonnel ar^ work^- 
decks, it is suggested that an observe? 
hand out of range of the fumes to respond'to ' 
the workers* safety, in case of accident. 
Personn'el.^should be instructed to avoid 
prolonged or repeated breathing of the vapors of 
inhibited methylchloroform or prolonged or 
repeated contact with the skin by taking a 
l5-minute break (away from the fumes) for each, 
o n e -h a 1 f h o If r worked. Inhibited' 
methylchloroform should not be used on hot 
* equipment |?ecause the accelerated evaporation 
will increase the toxic hazard. On contact with 
open flame, this solvent can form phosgene 
Which is highly toxic. ^ ' 




TRICHLOROETrtYLENE, as covered by ^ 
the latest issue of Federal Specification O-T-634- 
IS a chlorinated solvent which is nonexplosive- 
and noninflammable/ibut has' appreciable toxic 
• effects. TrJchloroethylerie is used in a vapor * 
process to degrease metals on tenders which are 
outfitted for this procks. It shojuld notvbe used* 
for cleaning electrical insulation because, of its 
sirong solvent , actionl on these materials. In ^ 
general, the sjirpe health and safety precautions . 
apply as ihose listed above for. inhibited 
methychloroform. 

SOLVENT, DRY CLEANING, TYPE II, as 
-covered by the latest issue -of Federar 
Specification P-D-680, is a safety type solvent in^ 
which the fire and health hazards have been 
minimize^l. Nevertheless, ^precautions against fire 
and explosion should be observed. The 
efficiency of this solvent is somewhat l?ss than 
that of the chlorinated solvents, and ill effects to 
.personnel are also^ reduced. Experience has 
shown that this solution has an injurious effect 
on some types of insulation. Before it is used, a 
test, should be 'made by applying the solution to 
a small spot on the. insulation cSncerned to 
determine whether it is affected by the solvent. ' 

Wh^n a solvent is being used,_t:he two./ 
greatest Hazards ' are ""fire and suffocation. To 
minimize the possibility of fires, any ' 
supplementary lighting required should be' \ 
furnished , by vaporproof or watertight portable 
^ lights. The nozzles of any sprayer or atomizer 
^being operated should be grounded. You should 
careful ndt to produce sparks by striking 
metallic objects together. No" solvent should be 
^sed on hot equipment or open flames arid, 
naturally, you should have fire extinguishers 
available for immediate use. 

Prevention of suffpcation can te .most 
readily effected through liberal ventilation by 
e;(haust fans or other suirable means. As 
n^tioned before, if the cleaning must be done 
m a space which lacks adequate ventilation, an 
airline mask, self-contained breathing 
apparatus, or preferably, fresh air supplied from 
outside the enclosure through exhaust fans or 
portable blowers should be provided. It should 
be noted that when inhibited methylchloroform 
or trichloroetliylene is used a chemical cartridge 
respirator will not prevent suffocation, since the 
vapor from these solvents displaces air and ' 
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oxygen. Saturation of the user's clothing should 
be avoided and no less than two persons should 
be assigned to cleaning operations. in a single 
compartiTient. - 



BATTERY LOCKERS 

Battery lockers must be provided with 
adequate ventilation to reiYiove the explosive , 
miKture of hydrogen and air. Wheo-batteries are 
being 'charged, hydrogen, is liberated; if the 
surrounding air contains from 4 to 8 percent 
hydrogen, a mixture is formedi that wiH bum if 
ignited. If the mixture contains more than 8 
percent hydrogen, it will explode. Hence, ample 
ventilation is necessary to Jceep the hydrogen 
concentration below an established safe limit of 
3 percent. ' . ' 

When a large number of batteries is 
concentrated in a single com part menf, the 
"ventilation problem becomes serious, and care 
must be exercised to ensure that the ventilation 
system is operating at all times. The system 
should be supplied with fresh air from the 
exterior of the ship, arid the exhaust from the 
battery compartment should lead overboard. 
Battery explosions are dangerous and can result 
in> serious injury to personnel: as well as damage 
to equipment. 

The ventilation system, in'aijdition to 
preventing the formation of the* explosive 
mixture, provides a means of keeping the 
temperature 0^' the battery locker at 95^ F, or 
lower. ' ^ 

. After a sealed battery compartment has been 
j^pened, it must be thoroughly ventilated before 
light switches are turned on, before any other 
electrical connections macfc or broken, or before 
work of any kind is performed. Flames and 
sparks 'must be kept away from the vicinity 
because storage batteries give off a certain 
amount of gas at all timei>. 

The ventilation system must be operating 
properly before you start a charge: you must 
stop a charge if ventilafiion is interrupted: and 
except in an emergency,, you should not resume 
the charge until ventilatipn has been restored. 

A battery should always be charged at the 
prescribed rates: never i^t' a higher finishing rate 
than that indicated on the nameplate. 



You should us6 only tools With insulated 
handles while servicing :5 battery, and]you must 
take carfe 'not' to short-circuit the ^ terminals. 
Never make;, rejiairs to battery connections when 
aurrerrt is '.flowing in the -circuit, and never 
connect or disconnect batteries from the 
changing line without first turning off the 
charging current. When^ batteries are used with 
one terminal .grounded, the grounded terminal 
should be discbhnected first when removing the 
battery arid connected last when y.ou replace' the 
battery. By this action, you will avoid the 
possibility of- grounding the hot terminal and 
shorting- the battery ivhen the ungrounded 
terminal'is disconnected first. 

^ When mixing electrolyte, always pour the 
acid into the ^ATER, NEV^R poDr the water 
into acid; The acid must be added slowly tb 
prevent excessive heating and cautiously, to . 
prevent splashing. Stir the solution continually 
during mixing because the acid is heavier than 
the water and will settle to the bottom of the 
container. The solui'ion becornes very hot when . 
the concentrated acid is diluted. 

Personnel who handle or mix electrolyte 
must wear rubber aprons, rubber bo6,ts,. and 
rubber gloves to prevent -splashing the acid pn 
the skin or clothing/ The eycTln parficu^^^^ 
must be protected by goggles. 

All batteries must be kept clean and free 
fron> tife accumulation of acid and dirt; 
otherwise, corrosion will occur and will 
eventually , lead to troublesome grounds. 
^. Grounds are formed by the collectien of dirt 
and acid on the tops of cells and sides of a 
battery. They cause a dissipation of battery^, 
energy and disarrangement, of the circuit in; 
which the battery is connected. Also, a ground 
in the vicinity of a battery can furnish a spark 
that will ignite an explosive mixture. 

You must exercise caution when using salt 
. water around storage batteries or spilled battery 
acid. A chemical reaction between sulphilric acid 
and salt proYluces chlorine gas,, which is fatal 
even in very small concentrations. 

SERVICING SWITCHBOARDS 

Switches should be operated with the safety 
of both the operator ^d other personnel in 
• mind. Before. closiug any switch, be' sure that the 
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circuit is ready in aJl respects to be energized 
* and' that any men working on the circuit arc 
notified that it is to be energized. 

When operating circuit breakers or switches, 
use onlj^ne hand if possible. Use good 
judgment in replacing blown fuses. Only,fuses of 
10 ampere capacity or less shoDfd be removed or 
replaced in ener^ized|circiiits.. Fuses larger than 
10 ampere ra'tingi shoukl be removed or 
replaced only when the circuit is deenergized. 
• Work should not be done on any energized 
circuit, switchboard, or Other piece .of electrical 
^^quip^ment unless absolutely necessary. 
Decnergize any circuits or* equipment io .hc 
worked on by opening all switches through 
\yhich power can be supplied and then test the 
circuit, with a voltmeter or voltage tester. You 
should then tag these switches with warning 
tags: In case more than one party is engaged in 
repair work on a circuit, a warnihg tag for each 
party should be .placed 'on ):he supptj^ switches. 

When checking tpf see - whether circuits are 
-deenergized before starting repair work o'tT 
switchboards, be sure to check, metering and 
control circuits as some instrument transformers 
will be encrgi/ed even though main circuit 
breakers are operl 

r When military considerations require 

electrical repair work on energized switchboards, 
permission to do the work should be obtained 
from the commanding officer, [ he work should ^ 
be done only by adequately supervised 
personnel who are fully aware of the dangers 
involved. 

Ample illumination should be provided and 
men shoukl be stationed by circuit breakers or 
switches (and a telephone, if necessary) so that 
the circuit or switchboard can be deenergized 
infmediately in case of an emergency. A man 
(|ua(iHed in first aid for electric shock should 
also he immediately available. 

To minimize the chances of an emergency 
during work on energized circuits or equipment 
..where the voltage exceeds 30 volts, the person 



The worker should be insulated from- 
'ground. Suitable insulating materials are rubber 
mats, dry phenolic hVdteriai,,- dry wood, dry 
canvas, or even ^everal thicknesses of/heavy dry 
paper. Be sure that the material used is dry, free 
of holes, and that no'&nducting material is 
embedded in it. Cover sufficient ^area so that 
enough latitude is permitt^jQ Tor moving around 
during work. V . ^ 

When practicable, the worker should also be 
insulated from any live metyf parts near the area 
in which he is working. '^;|pft 

While working, 'p^^rsonnel should wear 
^ rubber gloves on-botlHiands^if-the-type of work 
permits it; othdrwise they should wear a -rubber 
glove on the 'hand not handling the insulated 
tools. As, far a^'^^Dr^cticablc, a worker should-use 
only one hand in>ccomplishing the work. ♦ 

REMOVING METERS^AND f 
% INSTRUMENT TRANSt^ORMERS 

'When removing or Mistalling switehbdarci and 
' contjol panel n>eters and instrument' 
transform'bj:^ you, should exercise care to avoid - 
electric shock to yourself and damage to the 
transformers and meters. Keep in mind that 
some potential transformer primaries may- be 
energized even though all power circuit breakers 
are off. In most i nsta 11a t ions potential 
transformer primaries are fused, and the 
transformer and associated mcfer can be 
removed after pulling the fuses for the 
transformer concerned. You must exercise care, 
however, in disconnecting the transformer and 
meter leads to avoid contact with nearby 
energized leads and terminals. . 



CONNECTING AND DISCONNECTING 
SHORE POWER 

The primary hazard involved in connecting 
and disconnecting shore power is the possibility 



doing thl' work should not wear a wrist watclnA personnel comingjn contact with energized 
rings, wa ch cha.n. metal articles, or loose conductors. Another haz. ^'^'^ ^"^^^'^^^ 



clothing which might make accidental contact 
with live parts or which might accidentally catch 
and throw some part of his body in contact with 
live parts. The clothing and shoes he is wearing 
should be as dry as possible 
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hazard to consider is* the 
condition of the shore power cable and its 
associated terminal box (both are vulnerable to 
exposure from sea spray, which is a primary 
cause of grounds and short circuits). Reverse 
rotation of electrical rotating equipment can 
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also cause' numeroLs problems w^th the J 
possibility that -some .equipment will Bum out. 

Because of the hazards iavolycd, qonne.cting 
and disconnecting shore povvcH sHotild be 
supervised . by the^senior EM and the electrical 
officer. The procedures for connecting and 
disconnecting thbre power arid precautions to be 
dbseryed will vary slightly depending on the. 
type of ship concerned. ' ' 

* The procedure applicable to most" ships is, to 
shut off and tag,the shore power. circuit breaker; 
tp test the terminals in tJtie chip's shore power- 
terminal feox with a voltage tester to ensure that 



they are deenergized; and to tesi the insulaliun «!w 
resistance between terminals and ground with a 
megger.t>efore connecting ^t^e shore power caBle. 
(The fuses for shore pov^er. voltm^t^r and/or 
vindicating light transformer primaries must be 
pulled to get an accurate insulation rofflstance 
reading between the^hore gower terminals. >- 

When jEonnecting the shore , power cable,' 
connect one end to the terminals in the ship's 
shore power terminal box according to the phase 
' or polarity niarki.ngs in the box on the caljle, 
check the terminals in the source shore , power 
terminal l?bx to ensure that they are 
deftietgized, and then connect the other end of 
the shore power cable to these terminals 
observing polkity or phase markings as before. 

At^ the ship's shore power terminal box, 
connect the phase sequence meter (if three 
, phase a.c.) to the proper terminals, then energize 
the cable from the shore power source. Check 
for proper phase sequence by observing %thc , 
phase sequence meter. If the phase sequence is 
correct, deenergize the cable, ^disconnect tbe 
phase sequence meter, and reenergize the cable 

If the phase sequence is incorrect, deenergize 
the cable, recheck the phase sequence meter 
connection^; and, if they are cofrect, interchange 
any two of the shore power cable conductors. 
Then, energize the cable from the shore power ^ 
source again, ensure that the phase sequence is 
correct, deenergize the cable, disconnect the 
phase sequence meter, and reenergize the cable. 

The above procedure is modified slightly for 
• ships supplied entirely with d.c, power as the 
, shore power polarity should be checked with a 
polarity indicatifig voltage tester. This is to 
prevent reverse polarity and to prevent incorrect 



connection of the neutral wire, which would 
result in having high voltagos on low voltage 
circuits. - . . 

The procedure also differs slightly for the 
plug-in type of shore poweiv cable presently 
being installed on new ships. New ships -av^ 
p r o vi4 e d . w i t h s w i t chboard-mountcd , 
phase-sequence indicators for monitoring the 
phase sequence of the connected shore power 
before the ship's sho're power circuit breaker is 
closed. Thert, meters ar^ permanently connected 
and are located on the control benchboard^f 
lie is provided, or on the switchboard bus tie^ 
u nit rontninin p th e' <;hore power circuit breaker. 



Periodic checks should be made to ensure 
that the cable remains intact ^and is not subj5ct - 
to. being pinched, stretched, irr contact with a 
shore steam line, or to any other condition that 
may cause damage to the cable. , ' - ■ ' 

Other , pier sQrvicts can be found in the 
vicinity where the "shore power cable is located. 
One, previously^ mentioned, ^s the shore steam' 
line, a hazard to. both- personnel and cable 
insulation. A person can be badly burned if he 
comes in contact with such a line, and if the line ^ 
should rupture, the shore power cable should be- 
deenergized. Shore telephone connection boxes 
have potentials in excess of 35 volts and must'be 
treated as such. The shore water line is a lesser 
problem, but it could release water under 
pressure near electrical connection boxes. 

To disconnect the shore power cable after 
the electrical load has been shifted to the ship's 
generators, ensure that the ship's shore power 
circuit breaker is off and tagged and that the 
supply circuit breaker at the shore powersource ' 
is off and tagged. At 'the source shore power 
terminal box, test the terminals to ensure tlfat 
they are deenergized and disconnect the cable. 
At the ship's shore power terminal box, test the 
terminals to ensure that they/rUre deenergized 
and disconnect the cable. If*^the cable is the 
plug-in type, unplug the cable, then test the 
male prongs of the plug to ensure that the cable 
is deenergized before you disconnect the cable. 

SUPERVISING ' 

Connecting and disconnecting shore power 
requires close on-the-job supervision. In some 
cases, the connecting and disconnecting at the 
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shore power source will be done by personnel 
attached to the activity furnishing tl\e shore 
power. This .means that' both ends of the shore 
power cable may be in the process of being 
connected or disconnected simultaneously by. 
separate groups imder separate supervisors. This' 
.requires the?p(^ci^il attention of* both supervisors 
in coordinating the work of the two groups. 

As th.e supervisor attachv^ to the ship 
receiving shore power, you , are responsible for 
ensuring that the prescribed proceciures for your 
particular ship are carried out. You are 
responsible for informing (in person) the 
supervisor attached to the activity furnishing 



sliore^pOwer. wlieTTfo^energize or deenerglzen iTe 
shore power cable. You should also inform hi;n, 
it possible, before y£)u open your shore power 
prcuit ^breaker whilqf receiving sjiqre power, f ^ 
As the supervisor ^attached to the activity 
"^furnishing ihore powef, you are responsible for 
. ensuring that -the prescribed procedures for your, 
activity are carried ^t. You Mre also responsible 
for ^ensuring that the shore power cable is 
energized only upon direct wof/1 from the 
supervisor or other ij^ppropriate authority 
attached to the ship receiving shore power. You 
shguld also inform the supervisor of the ship 
, receiving shore power, if possible, before you 
open the shore power supply circuit breaker 
while supplyin^'shore power 

WORK ALOFT 

When radio or radar antennas are energized 
by transmitters, workmen nuLst not go aloft 
unless iidvance tests show positively that no 
danger exists. A casualty can occur from even a 
small spark drawn from <i charged piece of metal 
or rigging. Although the spark itself may be 
harmless, the *\surprise'* may cause the inu.. to 
let go his grasp involuntarily , There is^also shock 
hazard if nearby antennas are energized . such as 
those on stations ashqre^or aboard a ship 
moored alongside or across a pier. 

An added dimger exifits for men working 
aloft. The radar or other rotating antennas may - 
knock the men froi'n their perch and cause them 
to fall. Motor safety switches controlling the 
motion of /adar antennas must be tagged and 
locked open before anyone is allowed aloft near 
such antennas, 
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Men working near a stack must wear the - 
recommended oxygen breathing apparatus. 
A,mong other toxic substances, stack gas^ 
contains carbon monoxide. Carbon monoxide is 
too unstable to build up to a'high concentration 
in t Ik open, but prolonged exposure to even > 
.small quantities is dangerous, - ^' 

Each ti»me a man goes aloft^to \york, he must . : 
make it a practice to: ^ 

1, Get permission of fhe commupications 
watch officer (rWO) ajid the GOD, 

2. Check with^the engineer officer to 
ensure J hat ,tJic_bDilex.sai:ety.valv-cs^ar^nQt4)(>lng— 
set, : ' ' 

3\ Get the assistance of anotlK'r*man along - 
,wit^l a ship's Boiflswain's Mitfe ylio is qualified 
"}U rigging, f . ■ ■. 

4. Wear a Rojse safety harness, ToIiC^of any 
b^enefit. tlie. harness must be fastened securely as 

/soon as,thti place of work is reached. Some men 
have complain'ed'on occasion that a 'parachute 
harness is clii^^sy aijd interferes with movement. 
True as^this may be; it is also true that a fall 
trom the herght of an anteiuia is usuajly fatal. 

5. .Keep both hands free for climbing. Tools 
are not'tcf be carried in hand: an'assistant can lift 
them to the work site. 

6. Secure tools with preventer lines to keep 
them from droppijig on a shipmate., ' - 

7. Keep a good footing and firm grasp at all 
times.. The nautical expression HOLD- FAST 
serves as a, good memory device . .in case one is 
needed. J • 



WARNING SIGNS, 
PLATES, AND JAGS 



; Warning signs\a|d suitable . guards shall* be 
provided to prevent personnel from coming into 
accidental contact with dangernis voltages, to 
warn personnel of possible presence of explosive 
vapors, to warn personnel working aloft of 
poisonous effects of stack g5ses, and to warn of 
other dangers which may cause injuries to 
persoimel. Equipment installation should not be 
considered, complete until appropriate warning 
.signs have been posted in full view of operating 
personnel. 
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*' Certain types of standard electronics 
warning signs are. available for procurer^itiht from 
• the Commander; I^hiladelphia Naval Shipyard. A 
list* of signs tliat are available has been 
distributed to all ships, coinmands, and shore 
activities. Any warning -signs not listed should be 
ordered bli a separate requesting document. 

Drawings of the standard warning signs nibst 
frequently used have been prepared. by the Naval 
Sea Syste,ms Command. * 

High 'Voltage Warning Sign (NavSea{ Ship-) 
Dxawing No. RE 1 0 B*608B). This sign.(rig.,2-2)' 
■ •fftust b,e_disp_hi'y_ed at all locations w he re da nger 



to personpel exists^ either through direct <;ontact 
with 'high yoTtage Ofthrough high' vpjtage 
.arCfO^vef. Appropriate guards §hoLUd also be 
installtid at these'lo4;ation5^.' - 
^ " Warning Sign'fof Pt^rsonnljl Working Aloft in 
Way of Smoke Pipe Gases{ NavSea( Sh ip ) 
Drawing No. 10 AA 5:^)A), This "sign (fig. 
2-3) is f6 be displayed at the bottom and top of 
access ladders to electronic equipment in the 
way of smoke pipe gases. ^ . " 

"RF Radiation Hazard Warning Sign ( NavSea 
(Ship) Drawing No. RE 10 D 2282). our types 
of this sign are included in the Sc'ime drawing 
{fig:MA through D)4. - .^0^, 



1/ Type A.'TofryocJited 



pedestals. 



in antenna 




HIGH 
VQLTAGE 




' PERSONNEL ARE CAUTIONED TO GuArO 
AGAINST POISONOUS EFFECTS .OF SMOKE PJPE 
GASES WHILE SERVICING .EQUIPMeVjT ALOFT. 

WHEN SERVICING EQUIPMENT IN THE WAY 
,0F SMOKE PIPE GASES USE OXYGEN BREATHING^ 
APP;^A»LIS AND A TELEPHONE CHEST OR 
THFrtRr VCROPHONE SET FOR COMMUNICATION 
. WITH OTHERS IN WCmKlNG PARTY. , 

■ ' OBTAlN TNECrSSARY EQCtPMENT-BEFORE *. 
Q GOING ALOFT, ' ' ' ■ ' q 
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40.67(26D) 
Figure 2-3,-Smoke pipe gases.warning sign. 



2, Type B, To ,be located on or adjticent to ' 
radar set controls; 

3, Type C."To be located at eye level at the 
foot of ladders or other accesses to all towers,, 
masts, and superstructures which are subjected 
to hazardous levels of radiation^ 

4, Type D. To be located in radio 
transmitter rooms in suitable locations in full * 
view of personnel operating transmitters. 

Warning Plate for Electronic Equipment 
Installed in Small Craft (NavSea(Ship) Drawing 
No. Rt; 10 A 580). This sign (fig. 2-5) is a 
warning against the energizing of electronic 
equipment until ventilation blowers have been 
operating a minimum of 5 minutes, to expel 
explosive vapors. Although the drawing title 
indicates this warning p^ate is to be installed in 
small, craft, it should also be displayed in -all 
spaces where there is electronic equipment ai\d a 
possibility of the accumulation of explosive 
vapors. 



TEST EQUIPMENT 



40.67(31) 

Figure 2-2. - High voltage warning sign. \ 



Some of the danger to personnel using test 
equipment are: ^coming into contact with live 
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■V R F RADIATION HAZARD V* 



A HAZApO TO PERSONNEL EXISTS IN THE 
ANTENNA BEAM Of HIGH POwe<?EO RADARS 




Figure 2-4.-RF radiation hazard ^warning signs. 



40.67(76E) 



terminals or test lelds, becoming entangled in 
leads or cords, and being hit by instruments that 
are accidentally thrown to the deck. In addition, 
if two or more test instruments^re being used, a 
-potential-difference between the metal cases of 
the instruments 'may be sufficitht to' caiise 
severe shock. ' »^ 



Wires iattached to portable 'test' equipment 
should extend from the back of the instruments 
away from the observer, if pojsiblc. If tKis is not 
possible, they should be cl^amped ao the bench 
or table njeaj: the itistrjLjmerrts. WJien u^irig 
instrumentsit^'places whc^-c vibration^is present^ 
place the iijltruments on pads of folded cloth, 
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WARNING 

00 NOT. ENERGIZE ELECTRONIC EQUIPMENt 
UNTIL 'VENTILATION BLOWERS^ HAVE BEEN 
OPERATING A M.INIMUM OF FIVE MINUTES . 
TO EXPEL EXPLOSIVE VAPORS 
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figure 2-5, 
V 



W^rning^plate for electronic * 
quipmetil^nstaned in small crafts: - 

felt, or similar material. Additional precautions 
arc necessary iyhen you^^use portable test- 
equipment during heavy seas. I - 

To avd'id injury to personnel, keep alf^ 
unauthorized personnel clear of the.area where 
portable test equipment is being used. 

Ensure that the metal case of eacji 
instrument and ^one side of the secondary of ' 
every external instrument transformer is 
grounded. If equipriient must be energized for^ 
testing after removal from its normal rack or 
mounting, ensure that all parts normally at 
ground. potential are securely grounded. 

Make sure that test leads on voltmeters or 
multimeters are not i pulled out of the meter 
while the probe end is . being ^touched to a live 
electric part. Avoid testing voltages in excess of 
300 vQlts while holding test probes in the bare 
hand. Instead, use 'rubber gloves; or deenergize 
the equipment and attach trfe test leads. Then, 
energize the equipment and read the meter. 
Ensure that any high voltage capacitors in the 
circuit and the terminals to be tested are 
discharged to ground before ^connecting or 
disconnecting the test leads. When feasible, check 
for continuity and resistance rather than directly 
checking voltages. • / 

The electrical nieajurir\g instruments 
included in portable test equipment are of 
delicate construction, therefore, certain 
precautions are necessarYto avoid damage to the . 
instrum Ats and to ensuqfe^ accurate readings. 
. Mechanical shock should be avoided 
because, although the moving elements in 
electricaL measuring instruments are light in 
weight, the bearing pressure at pivots and jewel 
bearings often exceeds 10 tons per square inch 
because of the small area of the bearing surface . 



Exposure to-strpng magnetic fields should be 
'avoidad as strong magnetic fields may 
permanently impair the accurafcy qf an 
, instrument by leaving- permanenTTnagnctic 
effects in the - magnet of permanent magnef- 
' moving coil Instruments, in the iron, of moving 
iron instruments, or in the magnetic materials 
• used to shield instruments. * ' 

Excessive flow of current should also 'iJe 
avoided. Jhis includes various precautions 
^. dependent rm the typ^j qf instrument. *In.general, 
ma'k c nection^^ while the circuit is 
deenergi/L\i. if possible, ;and ^en check all, 
comit'ctions to ensure that no instrument is 
overloaded, before enecgizing: Make 'sure that 
meters :irt nrjotbr circuits can handle the motor 
starting current. Tliis current may be as high as 7 
or 8 times the nqirmal running current. 

Never leave an instrument connected with its 
pointer off scale or deflected the wrong 
direttion. Neyer attempt to measure the internal 
resistance' of 'a meter - movement' with an 
ohm meter beca.use the movement may be 
damaged by the cthrent required to operate the 
ohmineter. 



V jyRYRIGS 

The practice of having unauthorized or 
jury-rigged electrical equipment on board is a 
hazard arid must be dealt with as such. The only 
way to ensure that jury-rigged items are 
eliminat^ed is for you, as a senior EM, to 
perso^nally -see that jury rigs are not being 
' installed. The assignment of personnel within 
your divisioir/or the periodic patrolling of areas 
is^f valuable assistance, but you should check 
periodically yourself. 



SAFETY PRECAUTIONS* 

Through training and experience you have^ 
become a,n expert in electrical safety. You have 
the responsibility tq impart this knowledge to 
your subordinates and, through them, to all 
hands. This is where a safety education program 
comes into play. There is a need for formal and 
informal training in elettrical safety and it is up 
to you to set it up or improve on it. Every 
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WARNING 

00 NOT. ENERGIZE ELECTRONIC EQUIPMENt 
UNTIL 'VENTILATION BLOWERS^ HAVE BEEN 
OPERATING A M.tNIMUM OF FIVE MINUTES . 
TO EXPEL EXPLOSIVE VAPORS 
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^fgure 2-5. —Warning-plate for electronic 
^'equipmeni^nstaned in small crafjs; - ^ 



felt, or similar material. Additional precautions 
arc necessary hen you^^use portable test- 
equipment during heavy seas. I - 

To avd'id injury to personnel, keep alf^ 
unauthorized personnel clear of the.area where 
portable test equipment is being used. 

Ensure that the^metal case of' cacji 
instrument and ^one side of the secondary of " 
every external ins'trument transformer is 
grounded. If equipriient must be energized for^' 
testing after removal from its normal rack or 
mounting, ensure that all parts normally at 
ground. potential are securely grounded. 

Make sure that test leads on voltmeters or 
multimeters are not , pulled out of the meter 
while the probe end is . being ^touched to a live 
electric part. Avoid testing voltages in excess of 
300 vQlts while holding test probes in the bare 
hand. Instead, use 'rubber gloves; or deenergize 
the equipment and attach trfe test leads. Then, 
energize the equipment and read the meter. 
Ensure that any high voltage capacitors in the 
circuit and the terminals to be tested are 
discharged to ground before ^connecting or 
disconnecting the test leads. When feasible, check 
for continuity and resistance rather than directly 
checking voltages. • / 

The electripal nieajurir\g instruments 
included in portable test equipment are of 
delicate construction, therefore, certain 
precautions are necessar^jfto avoid damage to the 
instrum Ats and to ensuqfe^ accurate readings. 
. Mechanical shock should be avoided 
because, although the moving elements in 
electricaL measuring instruments are light in 
weight, the bearing pressure at pivots and jewel 
bearings often exceeds 10 tons per square inch 
because of the small area of the bearing surface . 



Exposure to-strpng magnetic fields should be 
•avoided as strong magnetic fields may 
permanently impair the accurafcy qf an 

, instrument by leaving- permanenTTnagnctic 
effects in Che - magnet of permanent magnef- 

' moving coil Instruments, in the iron, of moving 
iron instruments, or in the magnetic materials 

• used to shield instruments. * ' 

Excessive flow of current should also 'fle 
avoided. Jhis includes various precautions 

^. depcMuloiTt fni the typ^j qf instrument. *In.general, 
ma'kc nection^^ while the circuit is" 
deenergi/ca. if possible, ;and ^en check all, 
comit'ctions to ensure that no instrument is 
overloaded, before enei:gizing: Make 'sure that 
meters :irt nrjotbr circuits can handle the motor 
starting current. TJiis current may be as high as 7 
or 8 times the riqirmal running current. 

Never leave an instrument connected with its 
pointer offscale or deflected the wrong 
direttion. Neyer attempt to measure the internal 
resistance' of 'a meter - movement" with an 
ohm meter beca.use the movement may be 
damaged by the cthrent required to operate the 
ohmineter. 



V jyRYRIGS 

The practice of having unauthorized or 
jury-rigged electrical equipment on board is a 
hazard arid must be dealt with as such. The only 
way to ensure that jury-rigged items are 
eliminat^ed is for you, as a senior EM, to 
perso^nally see that jury rigs are not being 
' installed. The assignment of personnel within 
your divisioir/or the periodic patrolling of areas 
is^f valuable assistance, but you should check 
periodically yourself. 



SAFETY PRECAUTIONS* 

Through training and experience you have^ 
become a,n expert in electrical safety. You have 
the responsibility tq impart this knowledge to 
your subordinates and, through them, to all 
hands. This is where a safety education program 
comes into play. There is a need for formal and 
informal training in elettrical safety and it is up 
to you to set it Up or improve on it. Every 
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electrician in your division must receive 
adequate instructions in salety precautions. 
There are plenty of reference materials located 
in the various publications. Use standard lesson 
plans and. maintain checkotT sheets. 

Safety educatjon for the nonelectrical 
ratings should include information concerning 
electric shock and precautions- they must 
observe when using electrical equipment aboard 
ship. 

Some facts to bring out and points to stress 
tQ.'the nonelectrical ratings concerning ele-ctric 
shock are that Voltages as low as 30 volts can be 
dangerous, that the dangers from electric shock 
are much greater aboard ship than ashore as the 
ship can be considered to be a floating bathtub, 
an'd that there is ver>' little middle ground 
between a. slight tingle and aYatal shock. 

Precautions that you should stress to 
nonelectrical ratings using electrical equipment 
include: (1) always visually inspect portable 
electrical equipment before using (looking for 
damaged plugs, frayed cords, etc): (2) never use 
, portable electrical equipment if it is beheved to 
be defectTve (have it tested and/or repaired by 
authorized personnel-do not test or repair it 
yourself); (3) do not use any personal portable 
electrical equipment aboard ship, unless it has 
been inspected and approved: and (4) always 
% report any ^shock received from electrical 
equipment, regardless of how slight, 

PROMOTING SAFETY ' 

it 

Promoting safety within the EM group. E 
division, or the ship in general will require your 
becoming safety conscious to the point that you ' 
automatically consider^ safety in every job or 
operation. By safety reminders and your 
personal . example, you pass this safety 
consciousness on to the other men. 

Periodic safety patrols or inspections made 
by the junior men in the group can also be 
helpful in promotmg safety within the group 
yid in reducing. electrical hazards such as storage 
6f foreign articles in or near switchboards, 
fcontrol appliances and panels, open panels or 
(covers missing frbhi junction boxes, etc, 
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v^... -Although these safety patrols or inspections 
are beneficial, this does not relieve, the electrical 
supervisor of his own responsibility to conduct 
safety checks thcQughout the ship, 

\n addition, occasional short group 
discussions concerning electrical safety are 
recommended. Those discussions may take place 
at any time without prior, preparation. There 
may be at least'one man in the EM group every 
month who receives a slight shock, Thi> can be 
the basis. of the discussion. Have the* man 
concerned relate- the exact circumstances under 
which he received the shock. The group may 
then discuss the slightly different conditions 
that miglit have prevailed causing the shock to 
be more severe or perhaps fatal. 

When practical, the showing of films 
concerning safety will be helpful both as a safety 
reminder and for safety education. ' 

ENFORCING SAFETY 

SafVty precautions, as all rules, laws, or" 
regulations, should be enforced. It is your duty' 
to take appropriate action any time you see a 
junior man disregarding a safety precaution. You 
should require that aH jobs be done according to 
applicable safety precautions. 

Doing a job the safe way in some cases may 
take a little longer or be a little more 
inconvenient;' however, there is no doubt as to 
the importance of doing it this way, 

PERIODICALS . 

Many sources of safety information are 
distributed on a monthly or .^juarterly basis by 
various naval activities. The Naval Safety Center 
publishes Fathom, a quarterly surface ship and 
submarine safety review. Fa //20/?2 presents 
accurate and current information on the subject 
of nautical accident prevention. Safety Review, 
published monthly by the Naval Material 
Command, contains information on the safe 
storage, handling, or other use of products and 
materials. Articles* dealing with safety appear 
often in the Electronics Installation and 
Maintenance Bulletin and the NarSea Journal. 



CHAPTER 3 

A. ■ , • ' • 

" VOLTAGE AND FREQUENCY REGULATION 



Sophisticated electronics and weapons 
systems aboard modern . Navy ships require 
closely regulated electrical "power tor proper 
operation. To meet the increased demand for 
the closely regulated power, new standards for 
a.c. shipboard power systems have been 
established, and new voltage and frequency 
regulating (;:<]uipmeht has been developed. 
Following a brief discussion of the liew 
standards and eciuipment, this chapter will 
discuss the various types of voltage regulators 
for a.c. generators in use aboard Navy ships. 



VOLTAGE UNBALANCE BETWEEN 
PHASES. -The difference between the highest 
and lowest phase voltage, expressed in 
percentage of the equipment voltage rating. 

MODULATION AMPLITUDE. -A periodic 
voltage variation (peak to valley) abcnit the 
equipment voltage rating, e.x pressed in 
percentage of the equipment voltage rating. This 
is a random disturbance such as may be caused 
by regulators, or by reciprocating or 
intermittent loads. 



TYPES III. 
AND HI POWER 



Mil-Std-76]B (Ships) of 15 July 1965 
establishes standard electrical characteristics for 
a.c. power systems. Tlie three basic power 
supplies (*typO^ L IL and III) are described in 
table 3-1. The px)wer system characteristics 
shown ^re those existing afthe load and do not 
re,present generator output characteristics. All 
figures are the maxiriium allowable percentages 
or times for that type power. 

The terms used in table 3-1 are defined 
below: 

STEADY STATE TOLERANCE 
BAND.-Tlie mo^ximum average voltage 
variations, expressed in px^reentage of equipment 
voltage rating uiuler steady state load 
conditions. This includes variations caused by 
load changes, e n v i r o n.m e n t ( t em pe ra t u re . 
inclination, meter error, etc.). and drift, but 
does not include transient load changes. 



TRANSIENT VOLTAGE LIMITS.-The 
changing conditions of the voltage which goes 
beyond and returns to the steady state tolerance 
band within a specified time period (recovery 
time). expa*ssfd in percentage of the equipment 
voltage rating. 

VOLTAGE oirCOVERY TlME.-The ti^ne 
elapsed from initiation of the voltage change 
until the voltage recovers and remains within the 
steady state tolerance band. 

STEADY STA'TE FREQUENCY 
BAND. -The frequehcy'^variations. expressed in 
percentage of system frequency rating under- 
steady load conditions. These variations are tiie 
same type as for tiie steady state tolerance band 
variations. 

TRANSIENT FREQUENCY LIMITS.-The 
changing condit-'ion of the fre(]uency which goes 
beyond and returns to tl; steady state 
frequency band within a sp^ . iIi-l! iime period 
(recovery time), expressed . \tage of "the 

system frequencj^ rating. 
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Table 3-1. -Standard Electrical Tharacterirtics for Shipboard A.C. Power Syst«m$ 



Voltage . , Type I Type 11 

(a) Nominal user voltage, volts rmsij r 440 or 115 440 or 115 

(b) User voltage tolerances 

(1) Steady state voltage (sec figures 2 through 7) 

a. Average of the three line-to-line voltages ±5% +5% 

b. Any one line-to-line voltage including a. above and ±7% ±7% 
line voltage unbabnce tolerance 

(2) Line voltage imbalance 

(3) Voltage modulation . 

(4) Voltage transient 

a. Voltage transient limits 

b. Voltage ,transient recovery time, seconds 

(5) Voltage spike (peak value) volts 

(6) The maximum worst case departure from nominal . 
user voltage resulting from (b) (1) and (b) (3) 
combined, except under transient or fault conditions. 

(7) The worst case voltage excursion from nominal user 
voltage resuhing from (b) (4) a, (b) (1) a, and (b) 
(3) combined except junder fault conditions-see • 
note-^2 

Waveform ^ , 

(c) Total harmonic distortion ' 

(d) Maximum single harmonic ^ . 

(e) Deviation factor ' ■' ' 

Frequency 

(f) Nominal frequency (Hertz) 

(g) Frequency tolerances 

(1) Steady state "frequency 

(2) Frequency cyclic variation 

(3) Frequency transient . ' 

(4) Frequency transient recovery time, seconds 

(5) The worst case frequency excursion from -nominal- 
frequency resulting from (g) (1). (g) (2). and (g) (3) 
combined, except under fault conditions 

Power Continuity 

(h) Typical power interruption time, seconds 0.5 to 20 0.5 to 20 



Type 111 

440, 115 or 115/200 
(see note 1) 



+1/2% 
±1 1/6% 



3% 


3% 


1% 


2% 


2% 


1% 


±16% 


±16% 


±5% 


2 


2 


0.25 


2500 


2500 


2500 


±6% 


±6% 


±1% •• 


±20% . 


±20% 


5 1/2% 


5%- 


5% 


3% 


3% 


3% 


2% 


5% 


5%- 


5% 


60 


400 


400 


±3% 


±5% 


±1/2% 


+ 1/2% 


1/2% 


1/2% 




±3% 


±1% 


2 


2 


0.25 


5-1/2% 


6-1/2% 


M/2.% 



0,5 to 3 



Notes; 

I. When a 1 15/200 volt, 3 phase 4 wire, wye system is supg^^ from line voltage regulators, the type 111 characteristics 
apply to Une-toneutral power. line to Une power characteristics may be expected to exceed these limits under certain 
conditions- 115/200 volt power is only supplied for aircraft servicing and avionics ships. 

• 2. I-.xcursions of this magnitude will only occur infrequently. / ' 



FREQUENCY RECOVERY TIME.-The 
time elapsed from^ initiation of the frequency 
change until the frequency recovers and remains 
within the steady state frequency band. 

HARMONIC CONTENT. ^The'ratio' 
(expressed as a percentage) of the effective value 
of the voltage variations remaining after 
elimination of the fundamental yoitage to the 
equipment voltage rating. 

SINGLE HARMONIC.-The percentage of ^ 
the effective value of the voltage variation 
compared to the equipment voltage rating. -^-^ 

^29 



DEVIATION FACTOR. -The ratio of the 
maximum difference between the voltage wave 
and the harmonic^ content to 1.414 times the 
voltage rating. 



Max. deviation 



Deviation factor % =- 



\/l nominal voltage 



(100) 



Present ship seryice generators and 
distribution systems are adequate- for 60 and 
400 hertz type I power. Type 11 power differs 
principally from type I in having more stringent 
voltage requirements. Better voltage regulation 
at the ship service generator will not satisfy 
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these voltage requirements as the speeilied 
voltage is at the equipment or load and not at 
the generator output. Static type line voltage 
-regulators; which provide type II voltage control 
at the load are discussed in chapter 4. 

> ITie voltage and frequency requirements for 
type 111 power cannot be met without isolating 
the equipment requiring the power from tlie rest 
of the power system. Motor generator sets are 
normally used for tiiis purpose. - 



TYPES OF VOLTAGE 
REGULATORS 



A voltage regulator consists essentially of a 
control element and associated mechanical or 
electrical means to produce the changes in the 
generator field current that are necessary to 
maintain a predetermined constant generator 
terminal voltiage. When used on d.c. generators, 
voltage regulators and their auxiliary equipment 
function to maintain the generator terminal 
voltage within specified limits and to provide for 
proper division of the load between generators 
operating in parallel . When used on a.c. 
generators, voltage regulators and their auxiliary 
eciuipment function to maintain the generator 
terminal voltage within specified limits and to 
provide for proper division of the reactive 
current between generators operating in parallel. 

The types of voltage regulators use.d in naval 
vessels are (I) the indirect acting rheostatic. (2) 
the "direct acting rheostatic, (3) the rotary 
amplifier, and (4) the combined static excitation 
and voltage regulation systern. 

The indirect acting rheostatic type voltage 
regulators were used on all a.c. ship's service 
generators and many emergency generators until 
1943. Very few of these voltage regulators are 
still in service, so they will not be- discussed in 
this manual. 

One voltage regulator is provided for each 
generator that is to be regulated. In some ship's 
service installations a spare voltage-sensitive 
(control) element'is installed on the 
switchboard. T\ie switchboard is provided with a 
transfer switch so that the spare element can be 
""placed in service if eii^er of the other control 
elements become deranged. Spare control 
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elements aa* not installed for voltage regulators 
used on emergency generators. 

DIRECT ACTING RHEOSTAT 
VOLTAGE REGULATOR 

The direct acting rheostat type voltage 
regulator consists of a control clement in the 
form of a regula tor coil which exerts a 
mechanical force directly on a special type of 
regulating resistance. v 

The installation of direct acting (siiverstat 
type) voltage regulators used on emergency' a.c, 
generators is illustrated by the schematic 
diagram in figure 3-1. As stated previously; in 
each installation one regulator controls one a.c. 
generator. When a standby regulator is installed, 
a standby regulator transfer switch is also 
installed to provide a switching means for 
substituting the standby regulator fo^; the 
normal regulator. 

The voltage regulator controls the voltage of 
the a.c. generator by the variable regulating 
resistance, which is built into the regulator, and 
is connected in series with the shunt field of the 
exciter. The complete regulator includes a 
control element (T) , a damping 
transformer (2) , and a cross-current 
, compensator (3) , ^ 

Control Element 

The control element (fig. 3-2) consists of -a, 
regulator coil, which carries a spring-rriounted 
moving arm and a regulating resistance. The 
regulator coil, comprises a stationary coil wound 
on a C-slurped iron core and a spring-mounted 
moving arm. The nonmagnetic spring-mounted 
N moving a'rm is pivoted so that an iron armature 
attached to one end is centrally located in iJie 
fixed air, gap, of the magnetic circuit. A pusher 
arm and a coiled spring are attrached to the otJier 
end of . the moving arm. The pusher arm carries 
two insulated pusher pins arranged to bear 
against silver buttons, which are spring mounted 
and connected to the regulating resistance. 

The silyer buttons are individually mounted .. 
on leaf springs insulated from each other and " 
connected to consecutive taps on the stationary 
regulating resistance plates (fig. 3-3). The 
resistance plates consist of tapped resistance 
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STANOeY Ji^GULaTOR TRANSFER SW»TCM<TS) 
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REGULATOR CONTROL SWITCH (CS) 
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Figure 3-1 .-Schematic diagram of direct acting voltage regulator in^allation 
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Figure 3-Z-Control element of direct acting 
voltage regulator: 
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Figure 3-3.— Silver button assembly. 



wire embedded in vitreous enamel. The control 
'element includes two -resistance plates, one for 
each Silver button assembiy, mounted in the rear 
of the unit. The silver buttons connect to taps 
from the associated^-esfstance plate. 

The control element- also includes two 
adjustable range-setting resistors (fig. 3-2) 
connected in series with the regulator coil. These 
resistors are used to set the range (covered by 
the voltage adjusting rheostat) so that rated 
generator voltage is obtained with the voltage 
adjusting. rheostat iii the niidposition, 

:^ rTlie primaries of two potential transformers, , 
connected in open delta, are connected across 
the terminals of the a. c. generator (fig. 3-1). The 
secondaries of these transformers are connected 
to a- 3-phase, full-wave rectifier through the 
compensator. The d.c. output of the rectifier is 
applied to the series circuit consisting of the 
regulator coil, range-setting resistance, voltage 
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adjusting rheostat, and secondary of the 
damping translormer. 

When tlie regulator coil is enetgized, the 
magnetic pull on the iron armature fc balanced 
against the mechanical pull of the coiled spring! 
If the magnetic pull of the armature overcomes 
the pull of the spring, aJI of the silver buttons 
are separated from each other, placing maximum 
resistance in the field circuit. Conversely, if the 
tension of the coiled spring, overcomes the pull 
of the armattirc, the silver l^ttoj:js are pressed 
together, shorting out the resistarte^e in the field 
circuit. Thus, the moving arrii operates througli 
its triive], depending on the direction of motion, 
to successively ^open or close the silver buttons, 
which increases' or decreases the resistance in the 
(Inciter fiejd, Tl^* moving arm has a short travel 
so that all resistance can be inserted or cut out 
quickly, or it can be varied gradually:, depending 
on the required change in excitation. 

For example, when the alternating voltage 
rises, the regulator operates because of the 
increasing magnetic pull on the armature. This 
action inserts resistance in the exciter field 
circuit 'to reduce the exciter field current and 
armature voltage. The primary of the damping 
transformer across the exciter circuit is 
subjected to this change in current and, through 
transformer action, a momentary voltage is 
induced in the secondary that opposes the 
increase in regulator coil current. This action is a 
form of negative feedback that lowers the 
magnitude of the increase in regulator coiJ 
current and thus restricts the magnitude of the 
decrease in exciter field current and armature 
voltage. " " 

Conversely, when the alternafing voltage 
Falls, the regulator operates in the opposite 
direction because of the pull exerted by the 
coiled spring. This action shorts out resistance in 
the exciter field circuit, and the impulse from 
tlK damping transformer momentarily opposes 
the decrease' in regulator coil current. This 
action reduces, jhe extent of the decrease in 
regulator coil current and thus restricts the 
magnitude of the increase in exciter field current 
and armature voltage. 

Damping Transformers 

\^ • 

^The damping' ^transformer is an antihunt 
device, which consists pf two windings placed on 



the center leg of a C-shaped laminated iron core. 
The prfmary of this transformer is-connected 
across the output of the exciter (fig. 3-1). When 
a change occurs in the exciter voltage, the 
primary of the damping transformer indices a 
voltage in its secondary. The secondary voltage 
acts on the regulator coil' to dampen the 
^movement of the armature and thus prevents 
hunting and excessive chaViges in the generator 
terminal voltage. 

The voltage adjusting, rtieostat (fig. 3-1) is 
used to raise or lower the regulated value of the 
a.c. generator vdltage. 

The regulator control switch has three 
positions.(manual, test, and automatic). 

When the control switch is in. the MANUAL 
position, the a.c. generator voltage is controlled 
manually by the EXCITER FIELD rheostat (fig. 
3-1), ' 

When the control switch is in the TEST 
position (as shown), the control element is 
energized, but the regulating resistance is 
shorted out. The current in the exciter field 
circuit can be varied by the exciter field 
rheostat, and the of^ration of the moving arm in 
the control elem^t can be observed.' 

When the control switch is in the 
AUTOMATIC position, the generator is under 
full control of the regulator, which will adjust 
the voltage to the value predetermined -by the 
position of the voltage adjusting rheostat. 

When operating the control switch from the 
MANUAL to the AUTOMATIC posifion, pause 
in the TEST position' to allow the transient 
current in the regulator coil circuit to disappear 
without disturbing the a.c. generator voltage. 
The transient current is. caused by the Sudden 
connection of the damping transforme^primaI:y 
across the exciter armature. 

Cross-Current Compensator 

When two or. more regulator-controlled a.c. 
generators operate in parallel on the same bus, it 
is necessary to equalize the amount of reactive 
current carried by each generator. This 
equalization of reactive current is accomplished 
by giving a regulator a drooping characteristic by 
means of a cross-current compensatpir provided 
with each a.c. generator and associated 
regulator. 
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The cbmf5ensator (fig. 3-1) consists of a 
tapped autotransformer connected across 
resistor-reactor combination. The 
autotransformer is energized from a current 
transformer connected in the B-phase of the'a.c' 
generator between the generator terminals and 
the bus. Two isolation transformers, with a 
1-to-l ratio, pick up the voltage drops from the 
resistor-reactor combination. The output 
potential terminals of these transformers (XI, 
X2 and Yl, Y2) are connected in Series with the 
a.c. potential leads between the secondaries of 
the two 440/1 10-volt open delta potential 
transformers and the 3-phase, full-wave rectifier 
that supplies direct current for the regulator 
coiJ. The compensator is designed , to supply 
compensating voltages in two legs of the 3-phase 
regulator potential circuit to ensure that a 
balanced 3-phase voltage is applied to . the 
regulator element. 

The taps on the autotransformer are 
connected to two DIAL SWITCHES (not 
shown) on the compensator faceplate. One of 
these switches* provides a coarse adjustment and 
the other a fine adjustment of the compensator. 
A tptal of 24 steps is available on the two 
switches which, in the case of the standard 
12-p«<cent compensation, gives a" one-half 
perceft^^hange in compensation per step. The 
12-percent compensation is bas^d on 4 amperes 
supplied from the current transforrner. If the 
current transformer ratio should give some other 
value of secondary -.current, the compensation 
settings will be affected proportionally. The 
compensating droop introduced by the 
compensator should be set to approximately 6 
percent from no Ipad to full load at 0.8 lagging 
power factor. However, when the proper 
connections and settings have been made, no 
further adjustments should be necessary. 

Operation .* 

When the generator circuit breaker is closed 
and the control switch is in the AUTOMATIC 
position, the generator is under control of. the 
voltage regulator <fig. 3:1). If 'the a. c. generator 
voltage is normal, the regulator moving arm is at 
rest in a, balanced state. 

If an additional load is placed ■ on the * 
generator, cqjusing the terminal voltaget to drop, 
an increase in the e^cciter fi^id current is 



, required to increase the generated voltage and to 
restrict the fall in terminal voltage, v ^ 

. The decrease in generator terminal voltage is 
transrnitted through the 440/1 10-valt potential 
transformers and. the rectifier, thus decreasing 
the magnetizing effect of the regulator coil. The 
pull of the coiled spring overcomes the magnetic 
pull on the armature and moves the arm in a 
direction to begin closing in ^sequence more of 
the silver buttons. This action shorts out (in 
smaly steps) additional positions of the 
regulating resistance which, being connected in 
the exciter field circuit, causes the exciter field 
current to be increased and the a.c. generated^ 
voltage to be raised. This action prevents a 
further decrease in the terminal voltage., Whpn 
the voltage decrease is checked, the moving Urm 
of the regulator is again in a balanced state. Th^ 
position of the regulator moving arm, however, 
has changed to. correspond to the increase in 
load on the generator. 

If some load is removed from the generator, 
causixig the terminal voltage tp rise, a decrease-in 
the exciter field current is required to restore^ 
the voltage to normal. The increase in terminal 
voltage increases the magnetizing effect of the 
regulator coil so that the magnetic pull on the 
armature overcomes the pull of the coiled spring 
and moves the arm in a direction to begin 
se^jarating in sequence more of the silver 
buttons. This action inserts (in small steps) 
additional portions of the regulating resistance, 
which causes the exciter field current to 
decrease and the a.c. generated voltage tolower 
so that the rise in terminal voltage is restricted 
to a small value. 

The silv^rstat voltage regulator can increase 
the excitation to the ceiling voltage of the 
exciter, or it can reduc# the excitation to the 
. lowest value required. Because the total travel of 
the moving arm is only a fraction of an inch, the 
regulating resistance can be varied in a few 
cycles from maxlifftm to practically zero, 
depending on the requirements of the pperafing 
conditions. j 

Tq place the voltage regulator in control for 
the first time, be certain that the generator line 
circuit breaker is open. Then, turn the regulator 
;control switch to the MANUAL position, turn 
the exciter field rheostat in the.jdfrection to 
Vjb'wer the* YMt^gg^^ voltage adjusting 
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rheostat to a position midway between 'the 
lower and raise ends of its travel. Next, eheck to 
see that the brush settings are correct before 
• bringing the^-a,c. generator and exciter up to 
speed: After bringing the generator and exciter 
'up to speed, turn the exciter field rheo'staX 
gradually in the direction to raise the voltage 
and^ at tire same time, observe the a.c, generator 
^voltmeter. When the voltmeter inlicates the 
"■rated a.c. generator voltage, stop turning the 
exciter field rheostat. 

To place-the regulator in control of the a.c. 
g'enerator voltage, turn the regulator control 
/switch from the MANUAL to- the TEST 
position. Pause for two or three seconds ^and 
then turn the switch to. the AUTOMATIC 
position. Then^* turn the \oltage adjusting 
rheostat until jthe* a.c, generator reaches the . 
rated vafue. After this condition has been 
obtained, the regulator moving arm should settle 
promptly after a load or voltage change. (If the 
arm should swing back and forth continuously, 
check the polarity of the damping transformer 
terminals. The wrong polarity or an open' circuit 
will cause this violent swinging.) When the 
generator voltage is approximately at rated 
value, close the generator circuit breaker if the 
generator is operating alone. ^ 

If the generator is to be operated In parallel 
with a generator al^ready connected/o the bus, 
close the circuit breaker of the incoming 
generator only when the two. voltages are, in 
synchronism. The incoming generator can be 
connected to the line with the/regulator control 
fswitch/ln the NORMAL/or AUTOMATIC . 
position". As soon as the /wo 'generators are 
operating in parallel, readjust the governor 
motor ^(speed-changer) until each unit takes its 
share of the kilowatt load. 

•' To shut down the generator, remove the kW 
load on the generator by governor motor control 
rheostat while observing the wattmeter. If 
necessary turn the voltage adjusting rheostat in a 
direction to reduce the reactive load. As the load 
approaches zero, open the generator line, circuit^ 
breaker. 

Maintenance 

Tn addition to the . maintenance actions 
shown on the Maintenance Requirement Cards . 



of" the 3-M system and the manufacturer's 
detailed instructions^givtn in the voltage 
regulator , technical manuals, routine 
maintenance should include ensuring that 
-connections are tight and strictly in accordance 
wilh installation diagrams (to maintain the 
effective resistaqce in the shunt field circuit of 
the exciter) and that the .operation of th^ silver 
buttons is smooth throughout the -entire travel 
of the movable core. 

It is well to rexrall information' about silver 
contacts given in the training manual, 
Electrivians Mate 3 & 2, NavEdTra 10546-D, 
Contacts made of silver or its alloys conduct 
current when discolored (blackened during* 
arcing) With silver oxide. This discolored 
condition- therefore requires no filing, polishing, 
^r removing. 

ROTARY AMPLIFIER' 
VOLTAGE REGULATOR 

The rotary amplifier (amplidyne) type of^ 
voltage regulator utilizes a special type of exciter 
that furnishes a large change in output voltage 
for a small change in the control field current of 
thQ exciter. The control element detQcts the 
variation of the a.c. generator voltage from a 
reference voltage, which can de s,et to a 
predetermined value. The variation between the 
actual alternating voltage and the i^e fere nee 
voltage sends a current through the control field 
of the exciter to change its output voltage, and, 

^ hence change the a.c. generator field current to . 

* hold the alternating voltage at the desired value. 

Thfe complete amplidyne voltage regulator 
equipment consists of an amplidyne 
exciter 1 , a pilot alternator 2 , a 
stabilizer 3 , a voltage adjusting unit 4, , an 
automatic control unit 5 , a manual control 
unit 6 , and a potential uni t ' 7 . ; as 
illustrated by the block diagram in figure .3^. 
Some installations include two normal voltage 
regulators and one standby regulator for two a.c. 
generators. 

A cutout switch with two positions (manual 
and automatic) is provided, for each generator.- 
This switch is used to connect the amplidyne 
exciter and the regulator for either manual or 
automatic controLof the a.c. generator voltage: 
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Figure 3-4. —Block diagram of amplidyne voitage regulator system. 



A transfer sw^itch with three positions 
'(NORMAL. GEN A. and GHN B) is provided to 
permit substituting the standby voltage regulator 
tor either of the two jiormai Regulators.' 
>. In the NORMAL position, generators A and 
' B are connected in the normal automatic voltage 
control circuits of theij; respective regulators, 
and the standby regulator is disconnected. 

In the CiEN A position, the standby 
regulator has taken control from the normal 
regulator of generator A, and generator B is 
connected to its normal regulator. , 

■ In. the GEN B positron, the standby 
regulator has taken control from the normal 
regulator of generator ^B. and. generator A is 
connected to its normal regulator. 



Amplidyne Exciter 

. The amplidyne exciter (fig. 3-4) is a rotary 
amplifier that responds quickly to small changes 



in control field current to cause large changes in 
output. It is mounted on the shaft of the prime 
mover and provides the excitation for the a.c. 
generator. The principles of the amplidyne 
exciter are explained in the training manual, 
Basic Electricity. NavEdTra 10086 (revised). 



Voltage Adjusting Unit 

The voltage vadjwsting unit is provided to. 
establish Kie a.c. generator Voltage that 'the 
• regulator will maintain. This unit (fig. 3-5) 
' consists of a tap switch and tapped saturated 
reactor designed for mounting .directly behind 
the generator^ ontrol panel with the handle of 
the tap switcrron the froitt of the panel.' The 
saturated reactor is the main component of the 
voltage adjusting unit and the heart of the 
regulator system. 
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Figure 3-5.-Voltage' adjusting unit 
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The saturated •reactor determiilcs the a.c. 
generator voltage;^which the regulator will 
maintain. It consists of a tapped coi] of 
approximately 400 turns wound on a soft iron 
core. The core is operated in the saturated 
region so that a. v^ry small change in the applied 
voltage and Hux density will produce a large 
change in coil current. ^ 

' \i 

Qianging the taps on the coil changed the 
reactance of the coil circuit and the voltage level 
held by the reguiator. Increasing the turns (to a 
higher tap number) increases the reactance and 
voltage required to rhaintain a given coil current. 
Conversely, decreasing Jhe turns decreases the 
reactance; alxi voltage required to. maintain the 



current. Tap changing is performed only at the 
time of original installation or during an 
J overhaul. ' 

Vilot Alternator 

A voltage regulator requires a ''reference" or 
standard to which the voltage being regulated 

(.may be..compaTed to determine y/hether or not 
tJie regulator should act to change the excitation 
of the. a.c. generator. In the previously described 
direct acting voltage regulator this reference is . 
provided by a coiled' spring. In the amplidyne 

^ voltage ^regulator be reference is provided by a 
''boost" current of approximately 0.5 ampere 
from the pilot alternator. 'The pilot alternator' 
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(fig. 3-4) is a small permanent-magnet, 
single-phase .a.c. generator mounted on an 
extension of the amplidyne shaft. The output 
effective voltage of the. pilot alternator is 
essentially constant. 

Potential Unit 

The potential unit (fig. 3-4) provides a signal 
voltage to the regulator proportional to the 
voltage of the a.c. generator. The unit contains a 
potential transformer and a potentiometer 
rheostat and is mounted inside the generator 
switchboard near ^ the current transformer and 
the generator circuit breaker. 

The pot^^i^tial transformer is a special 
T-con^ec ted 450-volt transforrner. The 
potentiometer rheostat is connected in the 
circuit of a current transformer and is used to 
provide the reactive load division between 
generators operating in parallel. 

Automatic Control Unit ^ 

The automatic control unit (fig. 3-4) 
contains the static elements that are required for 
autornatic voltage? control and is mounted inside 
the generator control switchboard. Portions of 
the control-unit circuit make the voltage 
regulator responsive to the average of the 
3^phase voltages of the generator. Also, a 
frequency compensating network permits the 
regulator . to hold the ax. generator voltage 
practically constant with changes in the. 
generator frequency between 57 and 63 hertz. 

Stabilizer . < 

The stabilizer (fi^3-4) is mounted on or near 
the amplidyne exciter and prevents sustained 
oscillations of the generator. It is essentially a 
transformer but, because it is in a d.c, circuit, 
the stabilizer functions only when there is a 
change in the exciter voltage, which is impressed\^ 
across its primary. The secondary winding is 
connected in series with the control field of the 
amplidyne exciter. 

When the regulator operates to change the 
exciter voltage, a voltage is induced in the 
control field circuit through the stabilizer. This 
momentarily affects the control field current to 



restrain the regulator from making excessive 
correction pf the exciter voltage, thereby 
preventing hunting. 

Manual Control Unit 

The manual control unit (fig. 3-4) controls 
the voltage of the generator when the automatic 
control equipment is not in use and consists of 
two resistor plates and a single-phase full-wave 
rectifier. The two resistor plates are connected 
as a rheostat and a.potentiometer, Which operate 
concentrically. The manual control unit is 
mounted inside the switchboard witli the 
operating handwheels protruding through on the 
front of the panel. The large handwheel provides 
for coarse voltage adjustment, and the small 
handwheel is used for fine or. vernier adjustment. 

Automatic Control Circuit - 

- An elementary , diagram of the automatic 
control circuit is illustrated in figure 3-6. The 
^circuit consists of a buck circuit shown in heavy 
lines and a boost circuit.shown iri light lines. The. 
a.c. portions of the circuit arevandicat^d" b^ 
double-headed arrows and the d,c. portions, by 
single-headed arrows. The saturated reactor Ls, 
is energized by the a.c. generatbr wltage that is 
to be regulated ^nd is connected to rectifier, 
CRl. The pilot alternator feeds rectifier CR2. 
The amplidyne control field, Fl F2^ is 
connected across the output of CRl aiid eR2. 
The amplidy ne-exciter ^upplies the a.c. 
generator field directly . <> 

The. voltage from the pilot alternator tries to 
force current through the amplidyne control 
field in such a direction (frdrii Fl to F2) that 
the amplidyne will boost> the a.c. generatbr 
voltage. The^ saturated reactor circuit tries to 
force current through the' control field in the 
opposite direction (from F2 to Fl), tending to 
decrease the generator voltage. When the a.c. 
generator voltage is near normal, the regulator is 
at its^jpormal operating point and the boost 
currept- si4pplied by the pilot alternator is in the 
;opp6si|[fe direction and nearly equal to the buck 
yd\m6nt supplied by the saturated reactor circuit. 
:Tnus, the current through the control field is 
negligible,, and the amplidyne excitation is 
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Figure 3-6.— Automatic control circuit 



provided by the series fiSld of the amplidyne to 
maintain oorxnal terminal vol'tage of the a.c. 

generator. 

* . • ' 

However, if the generator voltage should 
drop slightly below normal,^ the buck current 
supplied by the saturated reactor would drop 
considerably. This action causes a boost current 
to flow in the control field, which tends to raise 
the a.c. generated voltage and thus prevents a 
further decrease in the terminal voltage. This 
action occurs. because the pilot alternator is not 
affected by the genei/t.or voltage and is still * 
trying to force a b^t current through the. 
control field., \ 

If the generator voltage should increase 
slightly above normal, the saturated reactor 
circuit would ^pass a large addi'tionai current^ 
through the amplidyne control field, tending to 



buck or decrease the,va,c. generated voltage and 
to prevent a furthdiji increase in the terminal 
voltage. , , ^ 

Three-Phase Response Circuit 

The 3-phase response _^cuit- (fig. '3-7). 
consists of a T-connected potenti^ transformer, 
T, a resistor, R, and an inductor, L. The 
resistance and inductance are in series across one 
seqondary winding of the potential transformer 
(fig. 3-7A). When a balanced 3-phase voltage is 
impressed on the primary, 1-2-3, a voltage, 
4-5-6, appears across the secondary. The voltages 
across the inductor,. L, and the resistor, R, are 
4-7 and 7-5, respectively (fig. 3-7B). The 
relationship, of these voltages is 4-7-5, giving a 
resultant voltage, 7-0, in phase wi^h and Jidded 
to the voltage 0-6. ' . . . ' * 
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Figure 3-7.— Three-phase response circuit- 



The resulting voltage, 7-0-6. (Vf), is the 
voltage of the network used to energize, the 
regulator circuits. The regulator at constant 
frequency ^will always act Jtp maintain voltage Vf 
const«tflC^If there is ally deviation in generator 
voltage from its noi^aJ value, the system will : 
make correlations until the 3-phase voltage^,. 
;1 -2-3, are the values that will produce normal 
voltage Vp * 

The correct phase sequence of the 
Connections of the potential unit td the 
generator leads is ^essential to the correct 
functioning of this network. If the connections 
are reversed, for example, by interchanging the 
two Idtdsijfc&m the secondary .teaser winding, 
the vdDtiage ^-0 would be subtrjictfedv from the 
voltage 0-6 instead of added^tq It/ TTie Voltage, 
Vr, impressed on. the regii}atpr ';^6ul'd^t^^ 
approximately one-fifth^the requji^^ vakie. . 
^^''Thu^J^e regulator in attempting to. gp to the • 
ijCeilii^ voltage wpuld overexcite the generator to 
abnormal levels. 

Frequency Compensation 

The Tgactance of the saturated reactor (fig. 
3-0) increases as the frequency increases. Thus, 
ah increase in frequency from 60 to 63 hertz.at . 
normal 100 percent voltage would decrease the 
buck current, and the boost current would - 
predominate so that the regulator would tend to 
hold a higher voltage. A frequency lower than 
60 hertz would have the opposite effect, tending 
- to increase' the buclC current so that it would ^ 
predominate, and the fegulator would tend to 
hold a lower vpltage. ^ 

Therefore, a voltage regulator system 
, utilizing a saturated reactor must be prqyided 
with a. means to compensate the effect of 
frequency changes. Frequency compensatioji is 
provided by the addition of an inductor, LI , and 
a capacitor,' CI, in parallel with each other and 
across the resistoJice portion of the positive 
. phase; sequence network used for 3-phase 
respohse . (fig. 3-6). Tlie values of the inductor 
and capacitor are such that at the normal 
frequency of 60 hertz they provide a resonant 
parallel' circuit, which acts like a high resistance. 
The Qther compo'nents of the system are^ 
, luijnsted so that this resistance has no effect on 
the action of^the regulator at normal frequency. 
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When the frcciuency increases above 60 
hertz, the pa ral I circuit has a capacitive effect, 
which raises the apparent voltage ''seen'' by the 
---^ii^rated reactor and causes it to pass Js much 
buck current on normal voltage at the higher 
frequency as at normal frequeney. 

When the frequency decreases below 60 
hertz, the parallel circuit acts more like^an 
inductance, which lowers the apparent voltage as 
**segn'' by the saturated reactor and, causes it to 
pass on more buck current at normal voltages at 
the lower frequeVy^^than it would at normal 
freq.uency. T|us, the parallel circuit 
conipensates for the frequency effect on the 
saturatt/d 'reactof, and it passes llic same buck 
current at a particular li iA' je at any 
frx^quency between 57 and 6 ; , 

Reactive Compensation 

When a,c. generators are operated in parallel, 
the division of the load between machines is a 
function of the go'Vernors of Hie prime movers. 
The division of the reactive, kilovoltamp is a' 
function of the. regulators, which increase or 
. decrease the excitation of the generators. 

The division of the reactive kilovoltamp 
between .generators, (when operated in pai'allel) 
IS accomplished by a compensating 
potenti'ometer rheostat, R, and a cuirent 
transfornier. CT, provided for each machine ffig. 
3-7A), The rheostat is connected in series with 
the Teaser leg of " the T-lonnected p()j(en(ial 
transformer secondary. The current transfornier 
is connectc;d in the B phase of rtie generator 
with Its secondary connected ac?()ss one side of 
the potentiometer rheostat. i 

The generator voUage^ feeds the 

primary • of the T-conncc(ed potential 
transtoriner (fig. 3-7A). The Nne. current, ||^. of 
phase B, in which the current transformer is 
connected; is in pluise with the line-to-neutral 
voltage: at unity power factor, and is-at W 
to-'tiK voltage. 2-3 (fig. 3-7( ). At any other 
power factor, current l|^ swings out of phase 
with the line-to-neutral voltage for lag or lead 
conditions. 

The secondary voltage. 7-6 (jig. 3-7H), which 
is the resultant output voltage of the 3-phase 
response network, is in. phase with the line 
voltage, 2-3. and is the voltage. Vp impressed on 
the saturated reactor. At unity power factor 

■ . ' A \ 



XHirrent lb produces a voltage, 6-8, across the 
compensating rheostat, R, which is 90^ 
out-of-pliase with voltage 7-6 (fig. 3-7C). The 
-»ltage 6-8 (IfaRp) is the compensating voltage. 
The voltage 7-8 (Vp) is now impressed on tliC^ 
saturated reactor, and tl]e regulator teitds to 
'l^l^e VWage proportional to 7-8, ^ ^ 

«men Xwo duplicate generiit9rs, A and B, are 
opU^rating in parallel at rated power factor, the" 
liflc-currents, I, will be equal; and the voltage 7-^8 
! <5(r) "seen" by the saturated reactors of both 
regulators will also be equal if the field.currents 
are balanced (made equal), the compensating 
. rheostats set at the same value of resistance, and 
the governors set for equal division of kilowatt, 
load. Assume that a reactive load is placed^on 
the system and that an instantaneous unbalance 
occurs^ith' generator A having a weaker field 
and generator B having ^ stronger field. Yhis 
unbalance can be due to slight differences'in the- 
reactances or saturation characteristics of the 
.generators or in tlie "characteristi^cs of the 
' regulator;;. Because the excita'tion is unbalanced, 
there is a circulating* current betwce^ the two 
generator!? and their powu^vr factors are 
unbalanced. ** 

The effect of tl>is unbalance distcirts the 
voJtage triangle, 7-6-8 ffig- 3-7^?), an;J 'the 
network voltage, 7-6> diEk:renses slightly due 'to " 
tlu' drop in line voltagu^'The compensatirfg 
voltage, 6-8 dbRp), from the current 
^transformer and the eompensating rheostat have 
changed due to the unba'lanc<;d line currents and 
pc^ver factors. Therefore, the compensating' 
voltage. 6-8, for generator B is greater and at a 
different phase angle than the corresponding 
voltage for generator. A. Thus, the resultant 
voltage. 7-8 fVp), of the two machines is unequal 
and different from the original voltage that the 
regulators vyere set {o hold constant. 

The regulators will act. to change the 
excitation of the two geii^^rators to restore the 
yoltrige. 7^8. to e(|ual .the value, Vp, tor which 
they are set hy changing the values of the ffj^d 
eurrents so that they .are balanced. The line 
currents and power factors will then be 
iJiPproxi mutely balanced to give eciual 
compensating voltages. 7-8, so that (hese 
voltages ^^een" by the regulators for generators 
A and B. respertively , will be equal to each 
other. 
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is so (icsigaed t;Kat for any one setting of the 
maaual^^ontVd rheostat the ampLidynejerminal 
voltage applied to the- generator field will remain 
eonstant. 

Operation 

The schematic diagram of an amplidyne 
voltage regulator installation ■ is illustrated in 
figure 3-9, 

The normal operational se(iuence f«f a single 
generator 'TS to set both handwheels of the 
manual control unit in the extreme LOWER 
position, turn the regulator cutout switch to 
MANUAL, and turn tlie transfer switch to 
NORMAL; after making certain that the 
generator circuit breaker is,open. Then start the 
prime mover and br^ tlie generator up to 
speed. When the generator is up to speed, raise 
the generator voltage to approximately 450 volts 
by tu'rning the handwheels of the manual 
control ynit in the RAISL direction and set the 
handle of the volUge adjusting unit for 450 volts- 



The regulator holds vol'tiige Vr constant, and 
the voltag.e, 7-6, depends on the value and phase 
angle of the compensating voltage, 6-8. The 
network voltag(,% 7-6» which is the difference 
betv^een Vr and -C>-8 and is proportional to the 
line voltage, has decreased sliglitly due to this 
change; thus, the line voltage will be sliglitly less 
than that maintained before the change occurred 
on the system. This drop in line voltage, 
resulting from an increase in load, is tlte Droop 
from which the individual compensation type of 
reactive compjLMisation is derived. 

Manual Control Circuit 

An elementary diagram of the manual 
control circuit is' illustrated in figure 3-8, The 
buck and boost circuits are indicated by heavy 
and light arrows, respectively. The'voltage that 
the amplidyne exciter will maintain across its 
terminals can be adjusted by the manual control 
rhco-stats. Thus, the a.c. generator terrnihal 
voltage be vii^ied. Th^; manual control circuit 
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Figun? 3 8. —Manual control circuit. 
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Figurf 2Pft.-Schematic diagram of amjllldyno voltage regulator installation 
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corresponding to no-load. Then put, ^he 
regulator in control of the a. c. generator voltage 
by tyrning the cutout switch from MANUAL to 
AUTOMATIC Finally, adjust the generator 
voltage to 450 volts by turning the handle of the 
voltage adjusting unit and then close the 
generator circuit breaker. 

If the generator is to be operated in parallel 
with a generator already connected to the bus, 
close the circuit breaker of the incoming 
generator only when the two voltages are in 
synchronism. As soon as the two generutors are 
operating in parallel, readjust the governors of 
the prime movers until each unit takes Its share 
9f *the kW load "Und then equalize thd power 
ifattors 'of the machines by means of the voltage 
'a<ljii^tinfe units. When the kW loads and power 
factor^ on> the generators are v'qual, the current 
of cach^^cncrator should also be equal, 

lV\he system voltage is higli after thc^power 
factors are balanced, slowly turn the voltage 
adjusting units of both generators in the lower 
direction until the system voltage is 
approximately 450 volts. If the system voltage is 
low, slowly, turn the voltage adjusting unit of 
both generators in the rai^e direction ,until the 
system voltage is approximately^.450,yol!s. 

To remove an alternator from' tjie ,hhe, first 
remove the load by adjusting the govcrixor while 
observing the wattmeter. When the kW loijd 
approaches zero, reduce reactive load with the 
voltage adjiijjjing unit. Then, trip the alternator's 
circuit breaker. After the generator is off the 
line, check to see that the manual control unit is 
.set the mark for 450 volts corresponding to 
no load. Then, shift the voltage regulator J'rom; 
AUTOMATIC to MANUAL. Next, turn the 
manual control in the lower direction. 

Mainteiutnce 

The maintenance instructions tor a specific 
rotary amplifier regulator given in the MRCand 
3-M instructions shall take precedence over 
other procedures. However, the articles 
concerning care of rotating electrical machinery 
in chapter ^)6'l() of NavShips Technical Manual 
shall be observed in all cases wliere tlivy do not 
conflict with the MR(\ 3-M., or uianufacturer\s 
instruction's. 



The amplidyne's short-circiyting brushes > 
should be checked pe/iodically, as improper 
brush contact may result in an excessively high 
amplidyne voltage outputk 

STATIC EXCITATION AND VOLTAGE 
REGULATION SYSTEM 

The static excitation voltage regulator 
system furnishes the a.c. generator field ^^uriSsrr:t*^ 
by rectifying a part of the a.c. gener^lpr^tput. 
After the a.c/. generator has hciilt up sbrne/ 
output with the "aid of d.c. switcli^d.temporarily. ^ 
to the field from a field flashin§r^power sourq^''' 
such as a d.c. generator or battery^f^n^automatic 
voltage regulator controls the output'bf ef static 
exciter to supply the ncc&ssary field current. 

The schematic of a static excitation and 
magnetic amplifier type voltage' regulator system 
is illustrate(i[ in figure 3-10. The system provides 
field excitation and manual and automatic 
control for tlic 400-kW, 450-volt, 3-phase, 
60-hertz generators. 

The control switch (SI) in figure 3-108 has 
three positions (OFF, MANUAL, and 
AUTOMATIC). The setting of this switch 
determines tho type of operation to be used. 
The OFF position can be used to quickly 
deenergize the generator in case of an 
emergency. With the switch in this OFF 
position, four sets of contacts (sets P, Q, R, and 
*S) are closed. Contacts P, Q, and R thereby 
*\short circuit'' the potential winding of three 
potential transformers, respectively identified as 
Tl, T2, and T3 in figure 3-IOA to remove 
rectified current from the exciter. Concurrently, 
S contact (upper right. Fig. 3-IOA) functions to 
trip the main breaker. 

An analysis of the contact .arrangcin.cnt (fig. 
3-1 OB) in switch SI .show^64 comact-ele^ 
are placed (four per pole) on 16 poles. The first 
four poles produce 8 single-pole-single-throw 
' switches (each SPST itlentilled by 8 letters, A 
through H). These 8 have 12 terminals 
(ideiitined further by I 2 numbers. I through 
12). 

Ihe fifth pole (No. 5 in flg^^3-IOB) has only 
•Iwo numbered terminals (13 and 14) to identify 
switcii sectional, where its two SPST switches 
are arranged in'series. The function of tliis.'series 
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Figure 3-10.-Elementary di^^'ilii^ of static excitation voltage regulator 
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arrangement is twofold: First, to provide several 
contacts that open fast and wide to quickly 
que-nch the several arcs produced (in an . 
inductive-reactance circuit) during the OFF 
"break'' of the switching action. Second, to 
provide optimum cooling of heated tontacts 
that become hot from arcing. 

Each remaining (eleven) pole of switch SI 
also is arranged with series assemblies like switch 
section I. They are identified by letters J 
through T, with their terminals numbered 15 
through 36. Switch section T is a spare. The 
letter X denotes those contacts that are closed 
when the switch is put into a selected position 
of OFF,, MANUAL, or AUTOMATIC. Sr is 



shown in the AUTOMATIC position in figure 
3-1 OA. 

Switch S2 is an. assembly of 16 .contact 
elements (fig. 3-1 OC) which are connected in 
series to produce 8 switches, which operate 
simultaneously to function as a single ON-OFF 
device. Again, the function (using many 
switches) serves to break a long arc i«fo several 
smaller arcs for producing long life from several 
heat-dissipating contacts. 

STATIC EXCITER . 

The static exciter (fig. 3-11) consists of a 
3-phase rectifier, CRl, three linear inductors, 
LI, L2, L3, and three transformers, Tl , T2, T3, 
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Figure 3-11.— Static exciter 
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Jhe translbrmers are alike and interchangeable.'^ 
Each transformer contains 4 windings but figure 
3-1 1 shows only the three windings that perform 
Jn the basic exciter circuits; one is the potential 
or primary (P2) winding, the secondary (S3) 
winding, and the current winding. The rem'aining 
control winding is discussed later. Briefly, each 
transformer is identified as an SCPT (saturable 
current potential transformer). 

, The primary winding of Tl , T2, and T3 are 
Y-connected through the hnear inductors LI, 
L2,and L3 by conductors 13, 14, 1 5, and 23. 

The secondary winding is delta connected to 
diodes (A, B, C, D, E, and F) of rectifier CR 1 by 
means of conductors 16, 17, and 18. These 
elements comprise a 30 full-wave bridge rectifier 
, that delivei^s d.c. to conductors No. I 1 and No. 
9 which supply the generator field. 

The current in the control windings CWl 
CW2, and CW3 (fig. 3-1 OA) controls the output 
of the SCPT secondaries and. thus the output of 
the static; excite^f -.The, control windings are 
supplied by .^tht ry^ltage regulator output as 
discussed latere, .Load current flowing in the 
current win dings. : (ll , 12 and 13 i n fig. 3- 1 OA) 
compensates for -dianges in the generator load. 



CONTROL SWITCH S2 

2 POSITIONS 
I. NORMALLY OPEN 
2 NORMALLY CLOSED q- 




Figure 3-12.-Field flashing circuit. 
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Field Flashing Circuit 

Since the static exciter cannot supply tjeld 
current until soWo-a.c. voltage has built up in 
the 400-kW generator, d.c. pgwer is teihporarily 
provided by a 50-kW d.c. generator delivering 
1 20 volts. 

To star>the system the spring-return field 
flashing switch, S2 (fig. 3-IOC), should be 
moved to the FLASH position. The control 
L^.'l^'^' "^"y '^^ P'^ced in either the 

MANUAL or AUTOMATIC position. This 
allows na.shing current to How temporarily to 
the field- of the a.c. generator, as shown in figure 
3-12, when the prime mover is started and the 
generator is brought up toward its rated speed 
Switch S2 should be released as .soon as the 
generator voltage begins to build up becau.sC 
thereafter the static exciter (fig. 3-11) is capable 
of continuing the d.c. fiow required by the 
generator field. 

• '47 



The field does not have to be flaslied every 
tune the system is placed in opdTSTlpn. It is 
usually necessary to Hash tlie field only a,fter a 
generator malfunction oK'wIien the generator is 
idle for, long period.>5.xrf time, such .ask)verhaul 
periods. ^ 



Manual Voltage 
Control Circuit 

With switch S\ %^3-\3)finim riiunuiA 
position, contacts Fni\fd H ljr^|gJ|K^ nee ting 
he 29 volt secondary of.irfai^Jn(i7T5 to the 
bndge rectifier ClU.'.^yc, resi(1t/fig 3.c. •leaves 
CR^ from its negative tenni'nal, flows by Vw^iy of 
resistor RG, manual coniroF R7,. and ' dOiSed 
•switch Sl-D t6 condiictor No: 22. Tlii'^ ditfect' 
current flow continues through the series 
arranj^ement of.eath SCPT g6ntr.orwind"ing 
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Figure 3-13.-IVlanual voltage control circuits. 



combines temporarily with the flow of the 
generator's d.c. field passing from + to - of 
rectifier CRl, and terminates at rhe positive 
terminal of rectifier CR2. 



Five switch Sections pf SI are' iclosed to 
establish manual control of the exciter's output: 
namely B; D, F, H, .and .O. Switclv.. S l-O shor^ 
circuits the oiitplif of transfoVmcf T4 io,^X^ 
elimina 
now req 



AUTOMATIC VOLTAGE 
REGULATOR 

The static exciter alone (fig. 3-1 1) will ifot 
maintain the different amounts of field current 
required to maintain a constant value of a.c. 
voltage at the generator terminals during various 
load changes. 



TheVeford, a voltage regulator is . needed to 
te a drooping 'characteristic which ^is not '^ '^liyjiM^^ 

quired. Manual operation -iVlichicrVJ^d by;;/';.)|*i^ thijt. t^nd^^to jlter its 




core saturation and those variations WUl cli^rf^ T3 in figure 3-14). Here the initial a.c. 

the-voltage valife tha^Js iirtjucri^^l; Iror^^^^ provided by the.85-volt secondary of 



primary into its associalb'd secondary wiitdlhg ' 
shown in figure 3-1 1 . 



transformer J5, which feeds rectifier CRb, to 
provide the d.c. source at terminals 39 pnd 42. 
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Figure 3-14. -Final stage magnetic amplifier. 
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The flow of d.c. is pjccisely controlled by the 
ohmic reactance values of each coil of L6; The 
'controUed reactance depends on^the state of 
magnetic saturation produced by another 
regulated d.c. flow from-^Wtifi^H:* CR5. (fm* 

3-ioA). . - . : : y. ^ r 

. The control of this ri^gulatt^d 
./rectifier CR5 originates with'ifsaiTjRling the 
, average of the three lihc vpjtagc^ by. the s 
circuit jn figure. 3-1 5 A, this' voltage is processed 



further in the reference and comparis-on circuits 
(fig. 3-15B and C> for amplification in the 
preamplifier of figure 3-16. 



Sensing Gircuif \ ' . . . ^' 

To obtain"^tHe besf regulation during 
unbalanced load conditions in the three phases 
the sensing circuit (fig. 3-1 5A) which responds 
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Figure 3-15.— Automatic voltage regulator. 
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to th^ average of the three values of a.c. line 
voltages is used. 

Transformer T6 reduces/ the line voltage of 
each/pfia^e to a convenibht/value and rectifier 
CR>.cpnv€rts,tTie 3-phase a.c: to d.o. voltage. If 
an unbalariced condition" oauses the three line 
voltages to become unequal, the d.c. acj^Dss the 
rectifier will have consLere.rable (third harmonic) 
ripple/ but tlii^v pombiried Jilter actions'pf 'ft 
inductor L4. and' canacitpr CI will rembvc'^the^ 
t?)^ and produce d/c. afcVoSs CI (near 50 Volts) 
•VftiCl\ is always in proportion to the average- of ^ 
^e linej/pltages. ' . 

iVSrstor R8 is used for 'reactive droop .. 




tjon ilnd will be discussed later. 



Reference Circuit 



'.The reference circuit (fig. 3-1 5B) consiats^pf ' 
resistor R9 and rectifier CR4. The functidh'^of- 
CR4 is to supply a nearly .constant (25 voltf- 
jceference voltage to the comparison circuit, 
broppiiag. resistor R9 limits the- current through 
CR4 to? a* safe value. If .the. voltage (near 50 
vplt§^ across R9 and CR4 increases, the current 
increases in both items, but the voltage increases 
only across R9 leaving the voltage across CR4 at 
its pxiginal voltage value (25 voUs). This is, 
because* CR4 is ay assembly of four silicon Uriits, 
each unit operating in the natural breakdown (or 
Zener) region and having -^nearly constant 
volt drop across each '.unit. 
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Figure 3-16.~Flrit ftage magnetic amplifier. 
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Comparison Circuit V 

The comparison circuit consists of the 
reference circuit (fig. 3-I5B) combined with 
^resistors RIO, Rl 1, and RI2 (fig. 3-1 5C)/ Its 
function is to- compare the ''average 
line-voltage" to the reference voltage'and to act 
on the first-stage magnetic amplifier to correct 
any difference. ' : 

Error Voltage . 

Tjiree sets of tests' are made with iiVd-C- 
voltm'dter at the 3 terminals (numbered 54;-5"7, 
and 60) in figure 3-15C an^ will reveal several 
facts tlij^ explain Jhe ERROR VOLTAGE (Ve) 
produced across terminals No. 54 an(J No. 57 
(fig. 3-1 5D). _ • ■ '■' ' 
Connect a d-c vdltmeter to the V^ terminals. 
Disregard meter-polarity connections because^'^ 
regardless Vof polarity selections, some of the 
perforniance' tests will cause the meter to read 
downsCcilo when the ^polarity (of the error 
voltage) reverses. • 

Initial changes in* the amount of Vp are 
made by adjusting tliC slider oh VOLTAGfe 
ADJUSTING RHEOSTAT 1^11. A slider 
position df Rl I witt- be fqund v/here Vg 
registers zetb. Then reposition the rpeter leads to 
verifyMhat the referende voltage Vr (terminal- 
No.'60 is negative: No. S4 is positive) will always 
remain at 25 volts regardless of circuit changes. 
Relocate the metef¥eads to measure Vl and. 
verify that it has tjie same value (25 volts) as 
Vr, for this six^cial measurement only, when V£ 
is zero. If resistor Rl,l is readjusted to produce, 
for example, either a 27- or a 23-volt reading for 
YL'then Vp. has a numerical value of 2 v©lk-l>ut — 
polarities arc reversed, Wlien Vl is greater than 

V Vr, a direct curpent Will flow in the control 
primary winding rW4 of the first-stage magnetic 
amplifier, and the aulomatic voltage regulator 
will reduce the exciter voltage, thereby lowering 
the line voltage. Convt^rsely . when Vl is less 
than Vr, the regulutoV will increase the exciter 

■ voltage, thus raising the Ijjie voltage. 

Magnetic Amplifier Circuits - 

.The ej;sential parts that Comprise two stages 
of magnetic amplifiers (figs. 3-14 and 3-16)^ 



consist .6V-L5, CR5, R13, RI4, L6, ORG, and 

Changes in generator .voltage produce 
changes in ^current in the comparison circuit 
which are in the order of milliamperes while 
flowing in the control winding, CW4 (fig. 3-16), 
It is necessary to amplify considerably these 
initial smalf currents so their effect is in the 
order Df several amperes in the fin^l control 
windings, CW I , CW2, and CW3 of the SCPTs. 

.. .Two magnetic-amplifier jgates (GW I and 
GW2) function automatically and alternately in 
figure 3-16 to regulate the flow of a.c. delivered 
by the 56-volt st?condary of transformer T5. The 
automatic regulation is achieved by saturating 
'and desaturating the tlux in the cores of GWl 
and GW2;'Tlie degree of tlux at any moment in ' 
each core \;i^s-'' detg^mined by the previously 
described conditions of d.c. flow in the control 
winding, CW4. 

The flow of gated a.c.^^afid its conversion 
into d.c. pulses in.another control'winding (CW5 
of the power airlplifier, L6), is readily traced by 
inspection of, the arro)vs in figure 3-I6B and 
^Tl;^ese arrows alongside the conductors and 
rectifier elemertts are in the direction of electron 
fiow during one half cycl^ in figure 3-16B and 
the other half cycle in figure 3-16C. The control 
. winding current^ can" be clianged until' the full 
supply voltage is applied to the load. In this, 
way, a control winding in each stage of the 
several saturated cort^s controls the output from 
the magnetic amplifier. • 

The se^iijs -resistori^i^ 14 (fig. 3- 1 6) and ' R 1 5' 
(fii^ 3-14) ar^e adjusted so that each amplifier 
opM.ites in the center of its saturation curve (for 
the magnetic core materials that areMiscd). 

4«4uAftor -L7 (fig. 3-16) is used to assiire 



smooth continuous control of the second stage* 
•amplifier. - " 

n Transformer T5 is used to supply a.c. power 
to the two magnetic amplifiers. It is also usea to, 
supply control current when it is operating in 
manual control. ' 

A control winding would functipn to changyi 
itsJlux by means of either ''d.c. pulses" or 
''filtered "d.c." Control winding *CW4 employs 
filtered d.c, by virtue of using capacitor CI in 
^the sensing circuit.. 

If, in figure 3-16B, the supply voltage (from 
transformer T5) is applied to the gate winding in 
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. series with its CW5 load, most of the voltage 
drop is across the gate winding (and veiy little 
voltage drop is across the CW5 control-winding 
load) provided, the flux in- the L5 core never 
reaches saturation. If the' control-winding C\V4 

: cnrrent is now changed so that the core fiux ^ 
' reaches saturation/, for port of ,, the cycle, thfe' ^ 
gat;e-wirtding induietarice '(Irops to a very low' 
value for that part of Wcycle and a portion of 
the supply voltage wave is applied to the load. 

Stabilizing Circuit ' ^ 

In any closed-loop regulating system 
containing several time constants and having 
high gain, sustained oscillations wquld be 
produced: These undesired oscillations are 
sometimes called HUNTING. To prevent 
hunting, a stabilizing filter circuit (resistor R 1 7 

..and capacitor : C3' in fig. 3-1 OA) removes the 
normal ripple from the exciter output voltage 
and another network (resistor R 18 and capacitor • 
C4) stabilizes, the exciter output voltage. . ^ 

The nonlinear resistor, R 19, is used ■ to 
supprijss abnormally high transient voltages that 

, m'4y appear across the field rectifier' CRl 

'l^eacfive Dirooj!) 
Compensation Circuit 

Current transformer T4 and resistor R8 are 
lised. to obtain the generator drooping 
characteristic. The vector diagrams for this 
circuit are shown in figure 3^1 7A and B. Figure 
3-1 7A shows the line voltages and currents for 
real and reactive loads. Figure 3-17B shows the • 
voltages on the secondary of the transformer T6 
along with the JR (voltage) drop (produced 
'across resistor. R8 due to its **current from the ' 
secondary, T4/^ called 14). For anjn-phase, real, 
load this -14 R8*^ voltage drop shortens vector 
or but lengthens vector'02'. (dashed lines) and 
the average of the, three vectors remains 
essentially constant. However, for reactive Joad 
• tiK' *^I4 R8" voltage, drop lengthens vectors 01 ' 
and 02' (dashed lines) and increases the average 
of the three vectors. 

The regulator senses this higher voltage and 
thereby reduces the generator voltage, by giving 
the generator a drodjping characteristic for 
reactive load. * 
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Figure 3-17. -Vector diagrams of reactive droop circuit. 

• ■ i ' 

•t' . ■ 

-., ." : ■ - ■ 

' Since the average of" the three vectors 01',' 
. 02', and 03' did not change for real load, the 
generator should remain essentially constant. 

The amount of reactive droop can be 
increased by increa'sing the resistance of resistor 
R8. , 

PARALLEL OPERATION 

• 'Before connecting an a.c. generator in 
parallel with another rnachine for the first time 
make a ch'eck of the reactive droop 
compensation circuit and check the prime mover 
instructions on parallel operation. Make the 
same test for both generator^. . 

Deenergize the generator by stopping it or 
by turmng switch SI to the EMERGENCY or 
OFF position. Check the resistance of R8 and be 
certain its resistance i/2 ohms or more.,Start the 
generator again, nafh the field, and adjust the 
voltage adjusting-rheostat for rated voltage with 
switch SI in the AUTO position. 

To .check the polarity of the reactive droop 
circuit, note the terminal voltage of the 
generator at no load on automatic controL 
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Then^o add a. lagging reactive load to the 
generator^and again note the generator voltage. 
It SHOULD DECREASiE. If the voltage rises, 
shut idown the system and reverse the leads to 
the secondary of the current transformer. 

Set resistor R8 so that the voltage decrease is 
the same for both ge'nerators and is not .more 
than 4 percent of the nominal v'oltage* when 
reactive loa^ is applied. Set the same terminal 
voltage on the two generators, and check to see 
that the phfase rotation is the.^same for both 
generators. Parallel the gej^efatbrs'. after they 
have been properly synchronized. 
'. . . * ' ■ . ' 

MANUAL OPERATION 

To start the equipment, set the manual 
control rheostat R7 for minimum volts (fully 
counterclockwise). Set the control switch SI on^ 
MANUAL. Next hold the FLASHING sWitch"S2 
in the FLASH position until the generator starts ' 
to build up. Then adjust the manual control, 
rheostat R7 to pbtain the proper generator 
voltage. The sys-tem is now .operating in 
MANUAL. 

AUTOMATIC OPERATION 

To operate the system in AUTOMATIC, 
turn the* control switch SI to the AUTO 
position and adjust the voltage regulating 
rheostat Rll to obtain the proper voltage. 

The control switch SI should never B^e left in 
an intermediate position between MANUAL and 
AUTOMATIC. 



The , control switch SI has* an emergency 
shutdown feature' when, placed in. its OFF 
position. This can be used to quickly deenergize 
the generator in case of an emergency. 



MAINTENANCE 



• . The static regulator, bas no moving parts and^ 
its components are exbeiftiely rugged, to 
lit tl>e m ai n te nance^;;besi3es preventive;, 
maintenanceris requir/^dt ^ , . . . v T 

Regular preventive 3teps rriust be assured by 
checking equipmen^t fo^ cli^aillin<es^ all 
connections for tightriej^i'V;^:^'-^ ^ 

Prote Gting all JarH": f is 
essential; esp^bciajjly Where^^^^^^ ar^ 
concerned'. Althoitagh treated tp stop destruction 
by moisture,^ continued^exposiire to.moisture or • 
mercury cpmpo.uhds tends to destroy selenium 
cells. ■ , ^ ■■ • "'-i *.v ..^ 

/In replaciag new rectifier units in CR4, 5, or 
6 it is important not to overheat their leads 
when soldering. Yo prevent this, use a low 
tetnperatiire. solder '(resin core)''^rid attach a 
small "heat sinlc" such as an alligator clip or grip 
with long nose^ pliers between the rectifier and 
the attached lead where the soldering is done. 
This will prevent damaging heat reaching the 
rectifier cell. -i ■ 

■-^ If it is necessary to apply a hipot 
(high-potential) test with megger or other 
devices to exciter or generator, all rectifiers must 
be shorted out with clip leads. High-potential 
tests are discussed in chapter 9600, NA VSHIP'S 
Technical Manual 
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CHAPTER 4 



TRANSISTORIZED CONTROL DEVICES 



More and^ more, sen>icondifctors' are- 
replacing, electron tubes, magnetic ampUQers, 
and other such devices used in electrical 
equipment, ^pme of the semiconductor devices 
used in shipboard electrical equipment txrt 
silicon controlled rectifieVs. junction diodes, 
zener diodes, triode transistors, and unijunction-^ 
transistors. v 
Vou mu^t' , tho4-oughIy understand 
semiconductors .befqre you attempt any wo7k 
on equipment that uses thejn. Techniciil manuals 
on etectrical, .equjpment using semiconductor 
devices do • not always- include detailed' 
information on semiconducfors. In addition to' 
iYj^s text, there are two, exCelle^i^ references 
-which describe the theory and ^eration^ of 
semiconductor circuits in all types of electronic 
equipnient-7- Handbook: tJeCtronic ^ 
Circuits. NSN 0967-LP-dO>01 20. aiid Basic 
/:'/trrro;z/o, NAYEDTRA l6087-C. 

This chapter is a basic, treatment of 
semiconductors. We shall ^ dfscuss three 
representative examples 'of .^transistorized 
systems -ship's service generator 
exciter-regulator type SB-SR, SPR-400 line 
voltage regulator, and synchronizing monitor. 
You may have no knowledge of semico; ductor 
circuits,' or you may have attended a service 
school where these circuits were taught. In any 
event, when you complete your study c^f this 
material, you should have the" necessary 
background to analyze, repair, or direct the, 
maintenance of any simila^jv;/§tem. 

SHIP S SERVICE GENERATOR 
EXCITER.REGULATOR TYPE SB-SR 

The ship^s ser)/ice generator e-xciter-rcgulator 
type SB-SR controls the generator voltage by 



controlline - 
the gene ;tv^ 
the gen 
sample 

The resuitai.i 



.Ml 



I:nt Qf- current deliveped to 
' - exdter-regulator sensas 
.:nd compares a rectified 
i.ige to a reference 'voltage, 
iior sigyiirt^^ampliticd by a 
transistorized differential amplifier lo enejg'ize 
the control windings of a magnetic amplifier. 
The magnetic amplifier?' output contrpte the 
conduction time of two 'SCR (silicon controlled 
rectifier) thyristors which in turn control the 
degree of saturation .gfer^ the saturable 
transformers and thereby cdl^^. their output. 
The saturable trainsformers fecerve their output 
power Jroni the generator voltage. The /Current 
trarisforrriers jire connected' in series withr the 
geherator terminals ^md the load; thefk* output is 
determined, by the^load. The output of the 
current transformers, togejher^ with the output 
of the saturable transformers.rjs applied to the 
field^rectifier. bridge. The vector summation of 
these two outputs determines the generator field 
c?(rrent and thereby tfi^f^ generator output 
voltage. The exciter-regulator consists of- two- 
functional sections, the exciter and the voltage 
regulator. ' . 

EXCITER ' 



The exciter contains three current 
transformers; th^e saturabl^^ transformers; three 
linear reactors; a three^hase. full-wave field 
rectifier bridge; a field l^shin^ system; a surge 
arrestor; and a paralleling current transformer. 
The voltage developed at the field rectifier- 
bridge is the vector sum of the saturable 
transformer, linear reactor, and the current 
transformer secondary voltages. 

Figure 4-1 is a block diagram of the exciter. 
Durffig no load conditions, no current flows 
through the current transformer primary. 
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Figure 4-1;.-Exciter (Block Diagram). 
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therefore,, making no contribution to the 
excitation of the generator field. At this time, 
"the saturable transformer and the linear reactor 
furnish the necessary power to excite the 
generator through the field rectifier bridge. 
When a load is applied to the generator, 
synchronous reactance develops within the 
generator tending to lower the terminal voltage. 
At this time, the current transformer, in series 
with the load, develops a voltage proportional to 
the load. This voltage, combined with the 
voltage developed by the saturable transformer, 
is supplied to the field rectifier bridge. The 
increased output to the field tends' to increase 
terminal voltage. I his system would seem ample 
but, due to the effects of change in ambient 
temperatures, changes in fiekl resistance, and 
other rron-Iinear factors, the generator and the 
exciter can never be matched exactly. A d.c. 
control curre^it winding in the saturable 
transformer provides a" means of compensating 
for the mismatch. The amount of dx. current 
through this winding determines the degree of 



' saturation of Jthe transformer core. The degree 
of saturation determines its output which, 
combined with the current transformers, 
controls generator terminal voltage. The d.c. 
current for this winding is produced by the 
second portion of this system, the voltage 
regulator. 

VOLTAGE REGULATOR ^ 

The voltage regulator supplies and controls 
the d.c. current to the control winding of the 
saturable transformer. To accomplish this, a 
combination of circuits and de^Sles are designed 
to (1) sense terminal voltage. C2) amplify and 
o^nipare the signal with a reference voltage, (3) 
_ rectify and send the signal to satilRble 
transformers, and (4) stabilize the regulator. 

Sensing Circuit (Figure 4-2) 

The generator voltage is sensed by a 
step-down, three-phase, sensing transformer 
(T2). rectified by diodes CRl, CR2, CR3, CR4. 
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Figure 4-2.-Sensing Circuit, 
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CR5. and CR6. filtered by choke L2 aird 
capacitor CI. *and applied through external 
voltage adjust rheostat R60 to voltage divider . 
network resistors R6. R14. and R 16. The d.c. 
sensing voLtage also provides power for the two 
transistorized differential amplifiers and 
excitation for the bias windings of a magnetic 
amplifier Li . 

57 
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Amplifier and Heference 
Circuit (Figure 4-3) 

Transistors QI, 02, 03, and 04 and their 
associated circuitry form a two-stage differentia! 
amphfier. Transistors 03 and 04 amplify the 
error signal and apply it to transistors Ql and 
02. Temperature compensated reference Zcner 
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Figure 4-3. -Amplifier and Reference Circuit. 
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diode VR2 maintains the base of transistor Q3 
at a constant voltage and is the BASIC 
REFERENCE POINT in the voUage regulator.^ 
When the generator is at rated voltage, the base 
of transistor Q4 is maintained at approximately 
the same voltage as the base of 03 by the tap of 



potentiometer R14. The collector of Ql supplies 
current to the off-bias -control winding of 
magnetic amplifier LL The collector of Q2 
supplies current to thp on-bias winding of LI . 

Now that yoU\ are "familiar with the sensing 
circuit and the amplifier^and reference circuit, 



ELECTRICIAN'S MATE 1 & C 



let us discuss, in the next two paragraphs, steady 
state ^oltage and variable voltage as related to 
these two circuits. 

During a steady state load conditioii, 
approximately equal voltages are applied to the 
bases of Q3 and Q4 and therefore the same 
Collector current flows through transistors Ql 
and Q2 to the on and off bias windings of LI, 
cancelling their effect. Magnetic amplifier Ll^ 
(fig. 44) is a self-saturating device and, when no 
current flows through its bias windings, its gate 
w.inding provides a minimum impedance, 
resulting in maximum output. However, another 
off-bias winding (terminals 8 and 9) is biased in 
the off directicMv.to a point which maintains' LI 
at approximately one-half its maxfmum output. 
This%ff-bias winding receives its powehfrom a, 
regulated soyrce, reference Zener diode VRl. 



As shown in figure 4-5, if the generator 
•voltage begins to decrease, the voltage from T2 
that is developecl across the divider network R6, 
R14, and R16 will also decrease, making the 
base 'voltage of Q4 less negative, causing its 
'collector current to decrease. Transistors Q3 and 
'Q4 have a common emitter resistor RIO and a 
decreasing ciilTent through Q4 results in less 
^ voltage, drop across RIO. The base voltage of Q3 
is held constant by Zener diode VR2, but its 
emitter voltage is lowered by the voltage drop 
across RlO, causing an increase in the^ ciarrent 
now tiuough ps, A similar action takes place in 
the other differential amplifier stage which 
contains transistors Q] and Q2, The overall 
^^result is that the current supplied by Q2 to the 
on-bias winding (terminals 5 and 6) of LI 
decreases, and the current supplied by:Ql to the 
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Figure 4-4,-Magnetic Amplifier LI. 
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Figure 4-5.-Transistorized Differential Amplifier, 
(showing voltage decrease sensed at T2) 
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otY-bias winding (terminals 6 and 7) of LI 
increases. As more otT-bias is applied to LI. its 
input to the rectifier circuit decreases. If the - 
.generator voltage increases, the action just 
described is reversed. 

Rectifier Circuit (Figure 4-6) 

Power transformer T3 supplies power for the 
operation of the automatic rectifier bridge and 



.magnetic amplifier LI. Tlie output from 
magnetic amplifier LI is converted to d.c. firing 
pulses by diodes CRi:, CR13, CR14,jCRf5^, 
CR16. and CRI 7 and resistors R18. R19.. R20, 
R:1. R22. and RZ3 and is applied to SCR 
thyristors CRIO and CRI L Resistor R24 and 
capacitor C7 prevent siiap-on ;iction of magnetic 
amplifier LI. SCR thyristors CRIO and CRll, 
together with diodes CR7 and CR9. form a 
single-phase, full-wave control rectifier bridge 



EKLC 



55 

60 



ELECTRICIANS MATE 1 & C 



• FROM TRANSISTORIZED 
DIFFERENTIAL AMPLIFER 




SATURABLE 
TRANSFORMERS. 



R26 



OUTPUT 



R28 



R2T 



' ' I Figure 4-i, 

that supplies d.c. current to the control windm^' 
of the saturable transformer during automatic 
operation. As the output of LI decreases, SCR 
thyristors CRIO and CRI I together with diodes 
CR7 and CR9 decreases; thus, causing. the dx. 
signal in the saturable transformer to decrease. 
This action causes the saturable core to have less 
impedance and its output will increase to 
reestablish terminal voltage. Adjustable resistor's 
R27 and R28 are-^factory adjusted to limit the 
current to 4.5 amperes maximum. Diode CR8 is 
a tlyback diode that provides a current path fof^ 
the indirctance current whenever the applied d.c. 



;-Rectifi»r Circuit. 
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\v.oUage is . interrupted. - Resistor R26 and., 
capacitor 'C8 form a filter network across thfe 
control rectifier bridge. ' 

Stabilizer Circuit (Figure 4-7) • , • 

^ feedback circuit, consisting of 

potentiometer R13, capadtors C4, C5, and ,C6 
and resistors R15, R17,. and R25, forms a 
stability .control circuit. The stability signal is 
taken from, the generator field and applied to 
the base . of transistor Q4. The magnitude of the 
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Figure 4-7.-Stabili2er Circuit. 



Mgn^l applied to the base of,Q4 is determined by 
.fti^ setting of potentiometer Rf3. Resistor R12 
.^rrd capacitor^ C3 form^ an R-C circuit that 
vprovides^interloop staV^^^^ DiGdes CR23 anfl 
CR24 limit the fevdrs^^N»emitter-to-base voltage. 
Capacitor*:" C2 ip r« vre ntv<; high frequency 
bscillafions. ' / ' 



; Ybu have now go the components, 

of 'the -voltage regulatQH^^ R^^ to figure 4-8. 

you NvUJ see 'the interCQtinections of each circuit. 



MANUAL OPERATION OF THE 
EXCITER-REGULATOR (Figure 4-9) 

The manual voltage control provides a 
method of controlling the exciter output by 

.manually controlling the d.c. current to the 
saturable transformer. The manual voltage 
control consists of the manual position of switch 
S60, variable resistor R70, and diodes CR18, 
CR19, CR20 and CR21. When S60 is in the 
mapual position, the d.c. control current for the 

'saturable transformer is supplied , by the 
secondary of isolation transformer T4 (terminals 
5 and 6), rectified by diodes CR18 through 
;,CR21, and manually controlled by variable 
resistor R70. The voltage regulator is energized 
but inoperative, and the generator voltage is 
subject to changes caused by variation in load, 
t e m pe rature, etc. Manual control allows 
operation that is' independent of the voltage 
regulator. V . 



FIELD FLASHING (Figure 4-10) 

^ Field, flashing is accomplished by a 
parmanent magnet alternator (PMA)j field flash 
switch, and diodes CR56, CR58, CR59, CR60, 
CR61, CR6:> and CR63. When the prime mover 
is rotating, the attached PM A is producing an 

-^.c. voltage. When the field flashing switch is 
closed, the a.'c. voltage is applied to the diodes, 
thus applying a d.c. current directly to the 
generator .field. Diode CR56aicts as^a blocking 

. diode to prevent the exciter from supplying 

. current back into the PM A. 

DROOP AND CROSS CURRENT 
COMPENSATION CIRCUIT (Figure 4-11) 

During parallel operation, either a voltage 
droop circuit or cross-current circuit is necessary 
to provide reactive load division and to reduce 
circulating currents between generators in 
parallel. A current transformer (or 
transformers), located in the exciter section, and 
an adjustable rector (R50) are required to 
obtain eithcr^l^droop or cross-current 
compensation. 



oc 



I 



s 



'■'i ■ ■' •V 



L. 



> (I 



u 



1 

ft 4 



A'- 

i -.-.k.4-.4.-..-.^ 



I 

■ I 
I 

■-t4 — r- 




'FRMlN 



■ • '( -i 



V ■■■■■ 

■■« 

t — 




1^1 ■ 



ii...Q (;4^.,.,...r- ,^^„..X -(S) 1^- 



T 
. 1 
A. 



! . |:|[f-|(,V.- 



! 



■.1 



u Jil, 



8 fi 



LJ 



ERIC 



Figure 4-8.-Type SB-SR Voltage Regulator. 
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Figure 4^9.-IVIanual Voltage Control. 
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Figure 4'n.-proop and Cross-current Compensation Circuit. 
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Dunr.i: parallL'l operation. ^ a voltage that is 
90" oiifol' phase (tor unity power factor) wii': 
the reizuhitor iiipiii seasinu* voltage is develop-. : 
across" resistor R50. This voltage is proportional 
to The generator load current in magnitude and. 
phase. The voltage applied to the sensing 
recliliers (diodj^^s CRl through CR(^) in .the 
voltage regulator is the vectorial suni of the 
input sensing voltage from sensing transformer 
yZ phis the vohage developed across resistor. 
50. v.aich IS applied through parallel isolation 



transformer Tl . When a'resistiye load is applied,- 
the secondary voltage from Tl leads the sensing 
\pltage from T2.'by 90^. The vector sum of the 
two voltages is nearly the same ^ as the original 
voltage* from T2; consequently,' no change 
'Occurs in the grenerator output voltage. When a 
' lagging;, power factor (inductive) load is applied, 
the secondary voltage frbm.Tl is in phase with 
the sensing voltage' from T2, and the two 
voltages combine vec.torially. Then, the Ye.sultant 
voltage applied to.the sensing ^' 'tifjeris larger 
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. than bcft)ro. Since the actioiv of the regulator 
maifitains a ' constant voltage at the sensing 
rectifiers, the regulator reacts by decreasing- the 

'generator output voltage. When a leading power 
factor (capacitive) load is applied, the secondar>' 
voltages t combine vectorially in such a manner 
that the resultant voltage applied to the sensing 

^rectifier 'is smaller than betore. Then the 

'regulator reacts, by increasing the generator 
output voltage, 
' AVhen two, generators' arc in parallel during 

^no load conditions and one 'Supplies a lagging 
powcx factor (inductive) load, the load appfars^ 
as a leacling power factor (capacitive) load to the 
otiier generator. Then the reactian o| the 

'^rcspcctive regulators is to decrease the ptAfut 
voltage of the first generator aiul increase the 
output voltuge of the second" generator. This 
action minimizes circulating currents between 
paralleled generators. Droop compensation 

j-allows paralleled generators to . share reactive 
current loads proportionally by causing a 
decrease (droop) in the generator system output 
voltage. 
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frequency, a^ul power factor variations in single 
or three-phase fdelta or wye connection) 
circuits; There arc several, designs of line voltage 
.regulators available. The* opena'tion described in 
the next; section will 'cover'a typical design. The' 
line voltage regulator is^csigned around the use 
of the silicon controlled rectifier, or, SCR, which 
acts as a . switch wheo a control Voltage is applied 
to it. 



OPERATION ^, - ^ 

The v0ltagL^ regulator is installed in scries 
'with the load which requires the precisely 
regulated power^ supply. Tltc. unit shown in_ 
figure 4-1 2 controls ja single phase circuit. The 
input isi i/t . terrliitiajs XI lind X2 on terminal, 
board I (TBH, T^egulated output is from 
terminals Yl and Y2 on TBI. Regulation, is 
achieved: b'-y controlling Mhe two auto 
transformers, Tl Und T2, To e^isurc an- 
acceptable wiive.' fornix ^"^ne* side o.f the 
transformer output goes to a-'harn\Dnic filter via' 
terminal I on TBI, The filter consists of the 
inductor L3 on TB6, and the parallel cai^icitors 
C6,C7,andC8, 



Since this system*- has no movrng parts and, 
therefore, has inherent long life characteristics, 
little preventive, maintenance is required other 
than that designated on^r^^ithe Maintenance 
Rccjuirement Cards. 



CAUTION 

• the use 01- meggers and high 
pote:ntiae ti-.st e:quipment is 'not 
recommendi'd. incorrect use, of 

SUCH EQUIPME1\T ^WILL DE:STR0Y THE 
:S E M I C O N D U C T O R ;S ' I N ^ T H E 
EXCITER-REGULATOR. ^ ? 

SPR400 LINE^V:C^.TAGE REGULATOR ^ 

The SPR-40(i -line voltage regulator is a 
general purposcyautoniatiLaLl'NfKrveontrolled a.e. 
iine regulatpr designed, for navat ships. It ensures 
. precision voltage reguiaticur.' f(*)r ^ line, load. 



Voltage from teniiinals- Yl and I on TBI 
drives ,the rectifier ' bridge consisting of CRl, 
CR:, CR3, and CR4 on the circuit board. This 
bridge provides d.c, power for the solid ate 
conTponen-ts on the board. 

The input from the generator is sensed. at XI 
and X2. This, signal is then applied to Yl and 1 
througJi ahtotransforniers Tl and T2. 
Transformer T3 then SLMids this signal to 
differential amplifier Q3 and Q4 fhrougli 
rectifiers CR5 and'C[\l2. Here the /signal is 
compared to Zener diode (CRl 6) reference. . . 

The pulse 'circuit Ql responds:^to the. error 
signal from the differential amplifier, which has 
been amplified by *Q2. T-he • pulses are 
transmitted to the silicon-controlled rectifiers 
.(SCR s) CR2^and CR2I (via terminals I and 2 
of TB3). The SCR's determine the level of d.c. 
to the control windings of TJ and T2 and thus 
Regulate the output. 

Remember, the application <')f, input power 
(across terminals XI. and X2 of TBI , fig,: 4-1 2) 
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Figure 4-12.-SPR-400 Line Voltage Regulator. 
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Figure 4-12,'^SPR-4bO Line Voltage 
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energizes the two ; pa.rl^^^el . opt-rated 
autotransforniers. Tlie input voltage "is stepped 
up by an aiding winding (AID) wovind directly 
over the primary winding (PRl). Tlie volt;ige is 
then reduced. to nominal output by an opposing 
windjng (OPP), The magij^tude of induced 
voltage in tlie opposing winding is varied by tlie 
level of tl.c. in the control windings (CON) from 
the. SCR's. ■ The opposing and the control 
windings are $pparated from tlie primary .^and the 
aiding windings by a mUi^netic s.huht. Increasing 
the.Idx. in , the contr(^l windings forces the 
magnetiC'tTux througli the shunt, decreasing the 
opposing voltage, and thusj. increasing the 
output. " 

Flower to the SC R'S is taken from stepdown 
transformer T4>, whose primary is connected 
across the regulator output. Diode CR19 
provides a disciiarge [lath via terminals 6 and 7 
of TB3 for the control windings of Tl and T2 
when the SCR's arc shut off. The SCR\ lifc 
protected from excessive peak inverse Voltage by 
sihcone diode CR22: The silicone diode acts as 
an insulator during normal operation, but when 
an excessive voltage is applied to it. It shorts and 
thus protects the SC R's. V^ien the voltage 
returns to normal, the silic(Mie iliddc will agiun 
be an insulator. 

To provide an additional output voltage 
compensation for cable loss, the stud of terminal 
Y2 passes througli current transformer T5 and 
induces a signal in 15 proportional to the' load 
current. Adjustment of potentiometer r<21 
[)rovides eompcns^itioii in this circuit. The 
potentiometer setting competisates Tor the 
resistance in cables from the regulator U) the 
load. Once set. it does not have to he changed 
unless the cal^les (not the load) are changed. 



MAlNTFiNANCF'/ 

Nornjirflly, little ^ preventive maintenance, 
other than that descnhed onMlie Maintenance 
Re(|uirement Cards, ^is rccpurecl. because the 
components are stable and nonwearing with no 
moving [)arts (other than (wo potentiometers). 
Make fre(iuent inspections for dust, dirt, and 
moisture accumulation and clean the e(jnipniLSi( 
as ne<:essary . 



SYNCHRONIZING MONITOR 

The syncfironizing monitor (tig. 4-1 3) 
monitors the phase tingle, voltage, and frequency 
relationship between a 450-volt, 60-hertz 
generate/ and an t;nergized bus. Circuits within 
this panel. energize a relay when tiie phase angle. 
((3)*is botwi?en -30° •'and 0°, tfto voltage ' 
difference (/^V) is <9gs tli4n 5 percent, or the 
ftequency drift tAF) , between an onconiing 
generator^andijin energized bus is les*i tlian 0.2 
hertz. ^ 
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riie synchroni/ing monitor docs not 
automatically parallel two generators when it is 
connected to the system. The generators must 
be paralleled manually, whether or not the 
synchronizing monitor is connected to the 
dreuit. The function of the synchronizing 
monitor is to prevent the manual paralleling of 
two generators whe-n the phase angle; voltage 
difference, and frequency diffcrence^of the two 
generators are not within safe hmits. 



V 

The synchronizing monitor consist^ of four 
main circuits: the output circuit, the phase 
diffcrenqe monitor circuit, the voltage difference 
monitoring circuit, and the frequency difference 
monitoring circuit. 

OUTPUT CIRCUIT 

. The output circuit (fig. 4-14) contains the 
Kl relay, its power supply, and a set of contacts 
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(circuit breaker closiiig^switcli contacts) in scries 
with transistors 01 and 02. The KI relay 
provides an electrical interlock through the 
closing circuit of a circuit breaker. This interlock 
will prevent an operator troni electrically closiiig 
the circuit breaker unless the necessary 
conditipns' have been met. To energize the KI 
relay, the circuit breaker closing contacts must 
be open and 01 and 02 must be ON. With 
proper ^'circuit breaker line up," the first 
condition is rnet. To turn on 01 and 02. the 
monitoring circuits must provide the current 
signals to 01 'HuI 02. 

Lobking at the schematic in figure 4-1 5. you 
can see that the energi/ed bus voltage is stepped 
down • by seccMidary winding Xf and X2 of 
transformer TL and rectified by full-wave 
rectifier CRI to form the power supply for, relay 
KI and transistors 0^ aiul 02. Full-wave 
rectifier C'R7 rectifies the output of secondary 
winding X3 and X4 of transformer Y I to form 
the ref.erence bias supply to transistor 01- 
Resistor R4 and capacitor C3 filter the output 
of rectifier CR7. Zener diode CR8, due to its 
Hat voltage characteristic, maintains a constant 
reference to 01. Resistor R5 is a voltage 
dropping resistor that limits the vnltage across 
Z^ener diode C R8 to a safe value., If the voltage 
applied to R5 and ('R8 increases, the increased 
voltage i's absorbed as an IR droj^ across R5. and 
the voltage across CRH remains constant. 

Two circuits aflect the bias voltage of 01. 
The first circuit is the phase difference 
monitoring circmt. which includes resistor R6. 
Wheij a voltage of sufficient magnitude is 
developed across R6. the base to emitter bias ol 
transistor 01 is reversed, turning off 01. The 
■second circuit is the voltage difference 
monitorin^.^ circuit connected across the base to 
emitter of transistor (^1. When transistor (^5 
conducts, this circuit disables (^1 l)y shorting the 
base t.o emitter ol" 01. thus removing the bias 
reference su[)ply. 01 conduct or be biased 
on only when these (wo circuits are off. Tiie 
action by the 01 transistor is similar to that of a 
switch. A transistor can be usetl so that it acts 
like contacts that are either closed or opened. 
This is (lone by using a large enough base current 
signal, so that it can drive the transistor into 

o 
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silturation. This, in turn, acts like a short circuit 
(equivalent to closed ^ contacts). If the base 
c urrent signal is weakened, reversed, or 
eliminated, the transistor then acts as an open 
circuit (equivalent to open contacts). 

Transistor 02 completes the circuit to 
energize relay KI. Transistor Q2 is biased on 
from the frequency diffidence monitor. 
Rectifiers CR2. CR3. and CRf5-. xiipacitors CI 
and C2. and . resistors R2 and R3 damp-out 
voltage spikes on 01 and 02. Rectifiers CR4 and 
CR() limit cmTtter to base (reverse bias) voltages 
on 01 and 02 to'low values.^ ^ 

To sum up the operation of this circuit: 
• relay KI is energi/.Lcl when transistors (J I and 

y2 are biased on, and circuit breaker switch 
Ccon tacts connected between 2K and -2L are 

closed. 

PHASE DIFFERENCE 
MONITORING CIRCUIT 

I - 

The pha.se difference monitoring circuit ( fig. 
4-16) prevents energizing of the KI relay :if the 
phase dtljerence between the bus and the 
oncoming generator is more than -30° andjO^. It 
does this by reducing and comparing botlrinput 
voltages (bus and incoming generator); rectilying 
and filtering both input voltages; and using its 
out{)ut to control transistor 01 . 

Looking at the schematic in figure 4-17, the 
secondary winding XI imd X3 of T2 and XI and 
X3 of T3 are connccfed So that the output 
voltages of T2 and T3 subtract from each other. 
I 'or instance, assume that the voltages are in 
phase as shown in figure 4-18. When these 
voltages are in phase, the potential at points A 
and li (across rectifier CRIO) in. figure 4-18 will 
be the same, so no current- can How, Now 
assume that the energized bus and the oncoming 
getierator are 180" out of |)liase, as shown in 
figure 4-19. Under tliese conditions the voltage 
at' [)oint A is at a maximum in a positive 
direction, while the voltage at point H is al a 
maximum in a negative direction. I'his causes 
maxinuim current to flow in rectifier CRIO, 
riltcring of the rectified current is acc^^mplished 
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Figure 4-16.— Block Diagram of Phase Difference Monitoring Circuit. 
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Figure 4"18.-lnput Voltage to CRIO (in phase). 
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Ql (due to Zener diode CR8), and the net result 
is a negative bias which shuts off transistor Qhr 

VOLTAGE DIFFERENCE 
MONITORING CIRCUIT 

ThQ ! voltage difference monitoring circuit 
prevents energizingof the'Kl relay if the volta^^^ 
difference between the bus and thtf onco^ng. ' 

■genera^t^r is more than 5 percent. It does this by 
(fig. 4*20) reducing an\l rectifying both input 
voltages (bus and incoming generator); 
producing and 'delivering a sensing signal from 
eachi? /input; comparing the difference in 
maghitiide of the two sensing signals in a bridge 

^ircuit; and using transistor Q5 for an- ON-OFF 

<^i|ch. ■ 

Looking at the schematic in figure 4-21 , you 
can see that the bus voltage is stepped down by 
winding X7 and X9 on T2. The reduced voltage 
is then rectified by full-wave rectifier CRl 9 and 
filtered by R22 and C9. The same thing occurs 
for the oncoming ^generator voltage at T3. 



Transformer T3 steps the voltage down, CRl 5 
rectifies it, and R17 and C8 filters it. 

Zener diode CRl 8 is used to increase the 
sensitivity of vbltage divider R20 and R21 in the 
bus signal circuit. The Zener diode causes all the , 
increase or decrease of the bus signar voltage to,* 
appear across ; the voltage divider. This also'f 
happens to voltage divider R18A and R18B,4 
using Zener diode CRl 6. The resultant. sign|!|^- 
out of each voltage divider is the sensing sign-aft 
These sensing signals are then fed to a rectifi_, 
bridge consisting of CR's 17A, B, C, and D. 
When the bus and the oncoming* generator 
sensing signals are equal, there is zero voltage 
between the bridge (poin-ts A and B). A 
difference between the bus voltage and the. 
oncoming voltage Causes a voltage to exist across 
the bri(Jge. • 

Connected between points A and B of the 
bridge is the emitter and base of transistor Q5. 
The collector of Q5 is connected to the base of 
Ql, and the circuit is completed from the 
emitter -of Ql to the emitter of Q5. If the 
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Figure 4-20i-Block Digram of Voltage Difference Monitoring Circuit. 
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lagram of Voltage Difference Monitoring Circuit. 



111.113 



voltage between A and B (across the bridge) is 
zero, Q5 cannot be biased on, and therefore the 
base to emitter of QI is not shorted out If a 
voltage does appear across points A and B of the 
. bndge, which can be caused by as little as a 5 
percent voltage difference between the bus and 
the oncoming generator, Q5 will be biased on 
and short out the base to emitter of Ql This 
will turn off Ql (fig. 4.15) ^^^^^^ 
energizing of relay Kl. Resistor Rl 9 prevents 
small momentary changes in voltage differences 
from tummg on QS. once relay KI has picked 
up. 



FJIEQUENCY DIFFERENCE 
MONITORING CIRCUIT 

_ This circuit prevents energizing of relay k:i 
if lfie frequency difference between tht bus and 
/the onconimg generator is "more fhan 0 2 hertz 
It does this by (fig. 4-22) . changing' both 
frequency signals into a beat frequency voltage- 
n:ctifymg, Hltering, and reducing the beat 
frequency voltage; and then using the. beat' 



frequency voltage in a timing circuit to fire an 

Look at the schematic in figure 4-23 The 

YT"^''t'T "^'"^'"^ ^"'^ X6 of T2 and X4 and 
A6 ol T3 are connected in such a manner that a 
beat frequency voltage (heterodyne wave) is 
generated. This beat frequency voltage is the 
difference between bus and the 
generator frequencies (fig. 4-24A). 



oncoming 
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/-D ,7";^.'"'''^ frequency voltage is rectified by 
?r A^-^fJ'^^^ resultant d.c. signal 

ffig, 4-24B) ,s filtered by resistor R9 and 
.capacitor C5 (fig. 4-24C). The beat frequency 
voltage IS clipped by resistor RIO and Zenpr 
diode CR12 to a constant d.c. level (fig 4-24D)' 
The signaJ is now sent to resistor Rl 1 and diode 
l^KIJ (A arfd B), where about 1 volt is 
subtracted f/Om the clipped beat frequency 
s'gna (fig. 4-24E). This is done to ensure thalt 
the clipped beat frequency vojtage signal goes to 
zero when the original beat frequency goes to 
zero. At this point, the signal is a rectified 
filtered, and. clipped beat frequency voltage' 
s'gnaJ.(lji>terodyne wave). Tlie final step is to 



77 



Phapter 4-TRANSISTORIZED CONTRC^L DEVICES 



Bl>S 



if 



POWER SUPPLY 



OUTPUT CIRCUIT 












RECTIFIER AND 



T 
.TiLTER 
CIRCUIT 



CLIPPING 
CIRCUIT 



POLARITY 
REFERENCE 




TIMING CIRCUIT 



SWITCH 



BEAT FREQUENCY 









( 


ONCOMING 

— — 


\^ 


GENERATOR 


POWER SUPPLY 



Figure 4-22.-Block Diagram of Frequency Difference Monitoring Circuit. 
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Figure 4*23.-Schematic piagram of Frequency Difference Monitoring Circuit, v 
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operation of a unijunction transistor A 
unijunction transistor has two bases, Bl and B2 
. and one emitter (fig. 4-25). The characteristics 
ot a unijunction transistor are such that when 
the voltage between 81 and the emjtter rises to a 
certain., percentage of. the voltage between Bl 
and B2^ the unijunction transisfor will fire The 
percentage is equal to emitter voltage divided.by 
he B2 voltage. In the case of the unijiinction 
transistors, if is equal to a nominal 62 percent 
rhis means that when the emitter voltage is 
approximately 60 percen t of B2 voltage, bpth in 
reference to Bl, the unijunction transistor will 
tire. By understanding that Q3 and Q4 have 
different values.for the same voltage; that C6 has 
, a definite charging rate (determined by R9 RlO 
R13, and rectifier CRM); ^ind, that different 
beat frequencies have different time intervals 
(and by using the follo^^ig examples), you 
should have a basic understanding of how" the 
timing circuit operates. " 

For the foflowing. examples, .the values used 
are arbitrary. L.fus use two examples to show . 
^ new these' unijunction transistors c-an be fired 
-In the first example (fig. 4-26), the beat 
. frequency voltage is a difference of 0 2 hertz 
which causes a time period of 5 seconds for one 
cycle. Within the 5-second time- period the 
following events.occur; ' 

The voltage across Q3 and Q4 increases 
sharply and remains at 17 volts until the end of 
the cycle. 

The 1 7 volts are applied.across B 1 and B2 of 
unijunction transistors Q3 anji.rQ4, across 
capacitor C 7, and across the /RC circuit 
contammgCG.' 
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Figure 4-24.-Beat Frequency Voltages. 
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take tlys si^uil and fccAit t<i,tlic i/nijunctron 
timing circuit; Jhc' cf^p^-d -hiint frequency 
voltage sigrt;il is a^p|i»i across base 1 and base 2 
ol unjiungtion transistors Q3 and Q4 (1-ig 4*23) 

o'f.fV,°J'' ">nsi.stiiigorresisto,^' 
^ R 1 3 A, R 1 3B , Rl 3C, and l:ap4i.citor C6. 
' c'ontinuing. with the,', ciraiit. 

..description: you need- a br^ef cxpiiinatioii «f the 
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5SEC 



Figure 4-26.— Firing Sequence for Q4. 
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Capacitor C7 blocks rectifier CR14. and 
th'erefofe will maintain approximately 17 volts. 
The only place C7 can cfischarge is through Q4, 
which has a very low leakage rate. 

The RC circuit containing C6 is charging at a 
specific/rate. If we/assume that within 4 seconds 
C6 reaches 10.2 volts, then the follovfing/wilj 
occur: ' 

The V£ for will fire before Q3. When Q\ 
fiTGs/^ voltage pulse is generated across Rl 5 (fig. 



4-23) and is applied to the gate of SCR 1, which 
is then turned on. When , SCRl turns on 
transistor Q2 in the output circuit is supplied 
with a base cu/rent through limiting resistor R16 
which turns on Q2. When the beat frequency 
voltage goes to^zero, SCRl tifrns .off/ and the 
timing process repeats itself.. * 

In the second example (fig. 4-^27), the beat 
frequency voltage is a difference ' of 0:4 hertz 
which causes a time period of 2.5 seconds for 
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Figure 4-27.APirlng Sequence for Q3. 
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one" cycle. Within this 2.5-second time period, 
the following events occur: 

The voltage across Q3 and Q4 increases 
sharply and remains at 17 volts imtiltheeitd of 
' the cycle,. ^ . - 

The .l7';voIts are applied across Bl and B2 of 
unijiniction' transistors Q3 and Q4, across 
capacitor C7, and across the RC circuit 
containing C6. 

Capacitor C6 chajrges at the same rate as 
before (assuming lO.i^.volts 4n 4 seconds).. The 
.period of. time for this'cyclc.is only 2.5 seconds, 
therefore, the- voltage^ across C6 can pnly reach 
approximately 6.5 toI^ within .this time. 

At the end of 2.5 seconds, approximately 1 7 
volts are held across 04 by capacitor C7, with a 
sharp decrease of v61tage<across Bh and 82 of 
Q3. When the voltage reaches approximately. 1 0, 
volts, Q3 can fire ,due to its relative yalue-of this 
voltage,' whereas, Q4 still has apj:»roximatery 17 
volts across it. 

After Q3 fires and the beat frequency goes' 
to zero, the timing processjigain repeats itself. 

You'can see that diffet'ent beat frequencies 
are compared just as "the differences were in 
phase and voltage, and the function of the 
frequency difference circuit is to energize relay ' 
K I through the control of transistor 02Vif the 
difference of the frequency of the. bus and the 
oncoming generator is lessJhanX).2 hertz. 



"^SERVICING TECHNIQUES , 
, FOR JRANSISTORIZED CIRCUITS 

There .-are nian-y differences between . 
.transistorized and electron tube circuits from 
t^e standpoint of servicing. For instance, you 
rely on your scqses of sight, touch, and smell'in 
thV visual inspqction 'oX electron tube circuits. 
But this is not as feasiblcMn transistor circuits. ■ 
^any tra'hsistors tlc\^elop .so little heat that you 
c&n learn, nothing by^ feeling' them., Higli 
frequency -transistors -hardly get* warm. Usually, 
if a transistor (except a higli-powerTransistor)'is 
hot .eijpugh Jo be .noticcablti/ rt has been 
dqmagt?id l5eyc>nd use.^ , , ^ . . 

In electron tub(; circuits, Vou oft.cn make a 
quick itqs't by .flic tubg substitution method; that ' 
is; you rc\^cc thelubo you s.U.^poct of beiiig bad ' 



with one you know to be good. In fransi'storized 
circuits, the transistors are frequently soldered ' 
in and the substitution method is impractical. 
Furthermore, you should avoid indiscriminate 
substitution of transistors and other-" ' 
semiconductors. YCpu should test tran^stors with 
an approved transistor test set. - : 

TESTING ■ 

^ Most good equality test equipment used for 
electron tube testing can also be used for ' 
transistor circuit testing. You can use signql 
generator, both RF and ' AF; if the poWer . 
.supply ia the equipment is isolated from the ^ 
power line by a transfonner. CAUTION: Before 
you make, any tests with a signal generator, 
connect a common ground wire from the chassis 
of the equipment to be tested to the c^iassis of 
the signal generator before you miake any other 
connections.. , • 

You can use signal tracers (such as-dual trace 
. oscilloscopes) on transistor cii:cuits if you" 
observe the precautions c@nc>erning the power 
supplies. Many signal tracers use transformerless . 
power supplies: therefore, io prevent damage to 
the transistor, use an isolation transformer. 

Multimeters used for voltage 'measurements . 
in transistor circuits should ^lave a higli 
ohms/volt sensitivUy (at least 20,000 oil ms/ volt) 
to ensure an accurate reading. 

Ohmmete'r circuits which pass a cUrrent^of^,. 
more than J .millia^iipere. througli the circnitf?^^ 
under test cannot be used safely in tesiiM^ 
transistor circuits. Before usmg an olimmet4''^p 
a transistor circuit, cheek how nibich curref^fej^jK^^^^^^^ 
■ passes OH all range settings. t)o not use iiny rangC?^'\ ' 
for testing that passes more, than 1 iTfilhampere. , 

Conventional .test prods, 'when ust^d in thc^ ' » 
closely confined areas .of transistor 'circuits^ ^ 
^often are the cause of accidental'shorts befween - 
adjacent terminals.: Jn electron tube circuits tlic 
niQmentary short caused by/test procls rarely 
results in damage, but'in transistor circuits. this ' 
short cai; destroy ' a. transistor. Also, since - ^ 
transistors/are, ^yery sensitive "to imprpper: bias ' ' 
voltages, you .•;huist ^ avoid the practice of*^' * 
troubleshooting hP slV6rting variolus pcAits to 
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, ground and listening for a click. When you test ; 
transistor circuits, remember the vulnefability of . 
a ti'ansistor to surge currents. " 

PRECAUTIONS " v ' : 

The fqllowrng precayjions - should be . 
oi) served when you serVice, transistorized 
. circuits, ' ^ . / ' r 

Ensure that all- power has beeii. removed 
frqiii ttie* equipment ^ under test befSre 
connecting gliy test equipment. 

, tonnect .a common ground lead from the 
chassis of the" set under test to the* , test^ 
.equi>pment before making any^ other 
connections, ' . ^ 

Use an isolation tfansforrher 'With all test 
'equipment unless t+ie. Jest equiprifent has a 
transform&r in its power supply , ' - » ' v .; 
' ' *Befor(^ using- an ohmmeter ', to check 
resistance in a transistor circuit, ensure t'hat.the 
meter Aj/ill not apply excessive voltage or' voltage 



of the wrong polarity to the circuit. Do q^t use 
a range that passes more than 1 mA, - 

When * unidentified transistors , are 
encountered in equipment, you .ipust identify 
their type before any testing is started, PNPand 
NPN transistors are not .interchangeable. 

When testing transistor circuits, do not^ 
remove a /transistor while the 'power is on 
because you may' damage,, the transistor or 
-circuit under test, , 

l^o not ground transistor elenrients. while the;-- 
power is on. - . ' 

When- ^ soldering or unsoldering, use a 
light-duty . soldering iron rated at 50 watts or 
less. If Jhefe is any doubt concerning leakage 
current ,irL a soldering iron, lise an isolation; 
trai:ist**orm6r,„ ff an isolation ti'ansformer is not' 
available, you should bring the iron to sdldering 
. temperature, reniove it frorn the a, c, outlet,' andj 
then apply it to the part to be soldered.; 

When soldering or unsoldering trahsistotsr^or 
other semiconductor devices, exercise.cautiUri" to- 
avoid overheating tlie devices. If necessary; u^ 
lieat SiiYks,^ - ; • : • ' 
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Automatic degaussing equipment is now 
installed in all new cor\struction ships which 
have coil currents that must be changed 
whenever the ship's heading/ (jhanges. Most • 
automatic degaussing equipment-iboard Navy 
ships provides automatic coiUth^tion for tlje 
induced magnetization due,ffi3l|»^ i«H-the 
ship's heading. ^^Wm^^^- ' W^^;' 

This 'chapter discusses aiitf nwh?^^auMig 
equipment using the SSM**sy:stem a^;^*" 
representative system. You will find the basic 
principles of degaussing in Electrician's Mate 3 
& 2. NAVEDTRA 10546-D. 



SSM AUTOMATIC 
DEGAUSSING SYSTEM 

The SS1VT Automatic Degaussing Coiff^ol 
' System is a new standard ^system installed on all 
new steel-hulled, ships which reqjjire degaussing. 

.^^'^f^^'S; from alder systems in the way the 
current is controlled and sent to the degaussing 
coils. The SSM uses, solid state, devices for 
control and power^ amplification instead of 
magnetic amplifiers. The silicon controlled 
rectifier has taken over many "^^sks jRat 
magnetic amplifiers pertormed in ,rthe older 
systems. A brief descriptiojn of the SSMfollows. 

The. SSM (fig. 5-1) is made up of the 
degaussing switchboard, FI-QI coil power 
supply, FP-pP coil power supply, A coil power 
supply, M "coil power supply, and la remote 
control unit. The magnitude and polarity of the 
current in the A fnd the FI-QI degaussing coils is 
'automaticaHy controlled by the control circuits 
in the degaussing switchboard as a function of 
the ship's magnetic heading. The ship's 
gyrogompass equipment provides the ^vsading 
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information to the control circuits. The 
magnitude and polarity of the currents to the 
FP-QP and M degaussing coils are manually set 
by controls mounted on the degaussing 
switchboard. • ' ^ 

DEGAUSSING SWITCHBOARD 

' The degaussing switchboard. <fig. 5-2) 
contains the switching and control circuits 
required for automatic and manual control of, 
the degaussing current output of the FI-QI, 
FP-QP, M and A coil power supplies. These 
circuits are mounted in drawers or on '^f)anel 
assemblies in the switchboard enclosure, fhe-. 
drawers and panels mounted in the degaussing 
switchboard are: the computer^ drawer, the 
two-channel automatic, drawer; the alarm' and 
, ground detector panel; the two-channel manual 
drawer; and the power panel. There are two 
access panels for front access to chassis-rrvJuntetf 
fuses and terminal boards. ' 

As illustrated in the block diagram (fig. 5-3), 
the SSM controls the current in four separate 
degaussing coils of the ship. The circuit 
controlling the degaussing current in each coil is 
independent of the other three coil circuits 
However, the 440-volt primary power and the 
ground det^>ctor and alarm circuit are tTed into 
all four coil circuits. The M and the FP-QP 
channels, are manually controlled. The polarity 
arid magnitude of the current to these coils is set 
to values specified in the ship's degaussing folder 
for the ship^sXzon-e of operation. "The 
automatically cont^lled channels (FI-QI and A 
coil channels) are. similar to-the manually 
controlled channels eWpt that provisions are 
made in the' control Circuits to automatically 

change the magnitude; and polarity'bf tht 
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Figure 5-1. -SSM automatic degaussing control system. 
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Figure 5-2.-Switchboard. 



111,124,1 



EKLC 



degaussing "current witfi' cha 
magnetic heading. 

Manual Coil Channel 
Control Circuits 



nges in the ship's 



The circuits which control the current in the 
M and the FP-QP manual coil ^hanne^ are 
located in the manual drawer (fig. 5-4) and are 
.used to adjust and monitor the degaussing 
current in the two manual coils. The circuitry 
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for these two coils is identical electrically 
theretoro, the description following applies to 

Kach section of the manual drawer receives 
■ ts comrol power from a separate power 

furnish a.c. power to the indicator lights of the 
chaiindand the manual d.c. power supply The 

ship smo volt a.c. power through the channel's 
main jpower contactor. A rectifier supplies 
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fil'tcred d,c. voltai!c wlTlch is rcgukitccJ and 
applied to the chaiincrs inciuccd 'niagiiitudc 
control where the signal voltage, proportional to' 
the magnitude of the eoil eiinent, is, set 
.m2inually, The proper- polarity tor the degaussing 
coll curij^ent is- selee^ted l>y the manual 
push-to-operate switch. 

Automatic Coil Channel 
Control Circuits . 

The eircuits which control rhc-'tHiiTeiit'in'the 
A and the Fl-QI autoniatje coil channels' ( fig. 
5-5) are locattid in the eoniputer drawer and the 
automatic coil drawer. . 

, The control circuits ot" the two automatic 
channels are independent 6t each other with the 
exception of the gear train. H-/.onc circuit, and, 
magnetic variation circui^h of "the computer 
•drawer, . The following descrjption appjies to 



both channels excep'f wliere differences are 
' ■' iPointed out. 

The' automatii? coiK channel.s normally ^ 
contain' control signals from the computer • 
circuit vyhich operate in response to the^ true 
heLiding,;*signals from the 'ship's «gyro.*Vhe tnue 
headiuiz siiznal 'nuist be' modified by th'e mairnctic 
variation to obtain the ma^netic headini: siunals 
necessary to conipute the required^^tegaussmg 
. currents. The computer gear train hroperatej^ by 

" the servomotor whiei^ positio^is a(res(^lver at an 
angle equal to.^he nragnetic headimj angle. The 

• . scrvoamplifier drives the setvomotii* until the 
gear train angle* equals the angle gS. the ship's 
magnetic heading. ReguliJted-^\ voltage lis 
applied tojhe ge'ar train resolver which suppl/es 
two a.c. output signals: a cosine function of the 
magnetic heading for controlling the FI-Ql coil 
.channel, and a sine function for contralling the 
A channeL ^ ■ • 
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Figure 5-4.~Manual coil channel control 

circuits block diagram. 

■J* 

The .FI-QI and A coil demodulators convert 
the a.c. output signals of the resolver to d.c, 
signals, which are sent through the H-zonc 
.selector network and b'ecome H cos A (FI-QI 
coil) andiTi sine A (A. coil). These are the 
degaussing function signals that* ultimately 
control the degaussing current in the FI-QI c^ 
and the A coil. 

The automatic induced magnitude control is 
a voltage divider which sets the maximum 
control signal or gain of the control circuit. The 
signal from the automatic control circuit is 
amplified (for the loading effect of the power- 
supply circuits) by the operational ampHfier. 
The operational amplifier provides current gain 
only. To provide indication of a possible failure 
in the operational amplifier circuit, a signal 



excess error amplifier is connected to compare 
the input and ocitput signals. In th^ event the 
signals are riot of equal voltage, the sfgnal excess 
error light i$ energized, , 

Tte liutoniatic coil channels have an 
^ alternate mode of operation* which is employed 
in the event of failure in the computer drawer or 
in the ship's gyj-o. In such 'an event, the 
Auto-Manual SwitcH must be set to MANUAL 
and the Degaussing 'Coil Heading Switch set to 
the position closest to the ship's magnetic 
heading/Thc switch applies a positive, negative, 
or zero signal to the ipanual induced magnitude 
control which is connected to the input side of 
Jhe operational amplifier. In the A-coil Qhaijrael 
only, a separate perm circuit applies a manually 
set d,c, signal to the pperational amplifier input. 

f POWER SUPPLY ; 

» V 

The reversible 5-vo'lt d,c. controrsignal fropi 
each coil channel c o n troL-'circuit is 
interconnected to the |5bwer supply for that 
coiK The 4H:hannel power suppliog,^f the SSM 
system are identical electrically; therefore, the 
description given Here applies to all'.fihannels, see ^ 
figure 5.-6, ■ ''^''^y- - 

The control signal input is applied directly 
, to the power supply circuits which are polarity 
sensitive^the Switching iimplifier. and the 
Excess Error Amplifier, Thd single^ended Mixer 
AmpHfier (mixer and pulse circuit)'is connected 
througli reversing contacts on the pilot relay 
which presents a constant polarity signal to the 
inputs of this circuit. . 

' The Mixer Amplifier is a magnetic amplifier, 
used because of its ability to isolate several d.c. 
control signals. In this stage, the control signal', 
mixed owith current feedback deriv/d fronY 
filtered, constant polarity ^part of the oul 
circuit. The output of the Mixer AmpliTiei^i 
full-wave rectified signal of fixed polarity 
magnitude of the output is modified by currgtrf 
feedback from the . output circuit, resulting!|i' 
improved response and accuracy of the 
degaussing coil current, 

The, Pulse Circuit is driven by the output of 
the Mixer Amplifier and supplies time controlled 
firing pulses for the SCR Driver Circuit which, in 
turn, drives tfie power stage circuit. 
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The SCR Driver Circuit is the intermediate -: 
stage between the Pulse CirciJit and. the output 
SCR's (Power Stage). It supplies sustained /irjng 
pulses ot the current level and p^ise relationship 
required by the'PowerStagy Circijit, 

The Power Stage CircuifJ consists oT six., 
silicon controlled rectifiers (SCR's). A pair of 
SC,R's is connected in parallel with each other 
and in series wiUi each of the primary windings 
of a . delta connected 3-phase power transformer. 
The SCR's in the Power Stage Circuit are ^turned 
ON by the firing pulses generated by the SCR 
Dri.v4r Circuit. The firing pulses are of the 
current W\{^ and pha^e required to deliver the 
proper power to the degaussing coil. Thds, by 
turning the SCR's ON and oMpat a preset rate 
and time duration, the current through the 
primary windings of a 3-phase transformer is 
controlled, which in turn controls the power to 
the degauss'^ng coil. This 3-phase power 
transformer steps the voltage down to the 
proper value. The secondary, winding is tapped 
to allow matching of the supply to a' wide range 
of degaussing coil load resistances. 

The secondaT> power is rectified, filtered, 
and then connected to the degaussing coil in the 
proper polarity as determined by the Reversing 
Contactor. The Reversing Contactor is'energized 
according to the control signal poIarJty by tl0' . 
pilot relay whiclr is, in turn, operated by the 
Switching Ahiplifier. 

The Excess Error Amplifier is included in 
each power supply to prqyide indication of a 
fault in that supply. Tlvis circuit compares thc^^ 
control signal to the supply witlj^ sample of the 
degaussing cojl current' and' tine rgizes an 
indicator light circuit whe:n the 'powt^r supply 
output is not prpportional ^to the control signal. 

DEGAUSSING REMOTE 
CONTROL UNIT 

The remote control unit (tig, 5-7) contains 
.circuitry necessary for monitoring the. system ' 
operation aii^for manually- controlling the 
FI-QI and A c^ls from, a location remote to the 
swi tchboard VAn ammeter on the unit is 
provided W'ith tr> ^ M^ ter Selector Switch, which 
selects the coil current to be monitored. The^ ^ 
degaussing. ct)il Heading Switch is provided for 
control of the FI-Ql and A cojl fromtthe remote 



control unit whe^i the automatic coils are inAthe 
manual operation mode! Various Ii^hts/are 
mounted, as shown, for system monito^ir 



MAINTENANCE : • . • 

Preventive maintenance should be performed 
asjndicated on the MRC's for the 3sAl system* 
to insure proper system operation' and to 
mfnimize the possibility of future failure. In 
addition, it should be noted that, system 
operation can be impaired by cfefective 
degaussing coils. " ' \. ^ - 

For personnel aitd' equipment safe^ when^ 
removing drawers from the. switchboard, 
remember that each drawer weighs more't|ian 50 
pounds and ta-ke appropriate precautions."' • 

When working with the power supplies 
discharge ;ill capacitors and RF\ filters bl*tween 
tlieir terminals and between the terminals and 
ground to prevent dangeroiis shock to ^yourself 
and others. 

To. prevent damage 'to the printed circuit 
. card s e m i c o n d u c t o r com ponents dtie to 
.transient voltages, be sure to turn off the. unit 
poW;t?r before removing or replacing .the card. No 
repairs or adjustments (except as noted in the 
technical iganual) should be made aboard §iiip, 
except in ca^l^of erhergency, because the tards 
are a d-^ot ^^vef.-^TaintenanCe item and are 
critical f^^^afe'.q^ation of the degaussing 
ssystem.^^>^ 



TROUBLESHbOTING 

The SSM Automatic Degaussing Control 
System uses modularized packaging concepts 
which are new to degaussing systems. Therefore, 
there, is very little historical data available to aid 
in system troubleshooting so a' logical method 
technique has been ' designed to aid in 
recognizing and locating^ systerri malfunction. 

The ability \o recolnize that there is a 
malfunction is base^ on a thorough and 
c,o m pr e h e n s i ve ifh d erstandin/g' of tjie 
characteristics of the degaussing system aiid 
^operating indications, ^or example, during 
normal operation the first sign of trouble could' 
be the iliumination of a red or arhber light, the 
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ringiag of the HIGH TEMPERATURE ALAR,M 
, beir. an abnormal meter reaiU-ng for one "of the 
degaussing coils; or the iiii!mT)hation ot '-^'biown 
fuse indicator. ' \ ■ ' " 

Qnce a trouble is known to\xist, you should 
obs^pve ail indications and.cont\)is for norma! 
dr ibnormai indications. In some cases, what 
you! thought was a system raaitunction may turn • 
:0.ut-. to be. an incorrect control setting.- For 
instance, the first indication may ^bjt; a zero^ . 
ciUTcnt on,the M COIL meter Vincorrect for the" ' 
ship's particular location). -But Qbservation of 
the rest of the indicators and tontrqls may show 
that the M CpIL PO\VER-)ight is e.xtinguished 
•and that the powCr swite/, is OFF. Thus, what 



initially was thought to be a system malfuhction 
was .actually a conjtrol setting error. 

" After recognizing that a-faiil.t^,,exists and 
noting dli symptom indications, you shoiild 
tormulate a number of logical choices as to tffe 
cause and likely location ^f the trouble. The 
choices are based on knowledge of the 
equipment operation, 'full identincation of the* 
trouble sy^mj^tojjir, and the information 
conta"ined inrflie technical manuaP for the 
system. . ... ./ _ . , \ ■ 

Check '^tht probable, fault .sources ii^ the 
'order that will requice the least amoiuit.of time. ■ 
If .the tirst sburce you cfifeck does not Wove to 
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be the malfunction, /Ctte^c^ the.^next suspected 
section and so oft^ umil you Ic^cate the faulty 
functional section. / 

^ -After you determine Which section is 
malfunctioning, you must^ locate the printed 

• ' ... ■ -^--^i 



Circuit card, the control, or the othej replaceable 
unit responsible for the trouj^k, ' y ^ ; 

Before reenergizing the equipment, ' be 
certain that the failed unit you found is actually 
the malfunction, and not just the result of the 
njllfujiction. ^ . ^ 



(V.. . 



f}. 



94 



■J' 



85 



CHAPTER '6 



GYROCOMPASSES 



• A 'gyfocompass is a device which ti^|kthe 
gyroscopic principre to obtain atMndicatf^ of 
true north. The gyrocompass syWem dlV^lops' 
own shipV heading and transmits the heading to 
. Various navigation and weapons stations, and to 
other equipment/. throughout the ship.' 
Gyrocompasses are identified by the raark-mod 
system.. The mark (Mk) number designates a 
major 'development of a * compass. ;*The 
modification (Mod) number indicates a change 
to the major development. 

AH gyrocompasses depend on the ■principles 
Of the gyroscope, gravity, and earth's rotation, 
for their operation. This chapter discusses - 
gyroscopic principles and their applications to 
obtain a functional gyrocompass system. We will 
skim onjy the top' of this systerti in our 
discussion ;SO that/ supervisory personnel will 
have better communicatfbn with, the operators^ 

• .and repairmen who are assigned to the systems. 
You may ^tain additional, information from 
current editions of Synchro, Servo and Gyro 
Fundamentals, NAVEDTRA 10105; /C 

. Electrician 3'^ 2, NAVEDTRA i0558; JC 
Electrician^l <fe^C, NAVEDTRA 10557; and the 
manufacturer's manual-" for your specific 
installation. 

There are two basic types of gyrocompasses 
in use at the present time. They are typed 
according to the way the torques are develop^ 
and appjied to control the sensitive elements. 
The older electrical/mechanical type is in tlie 
process of being replaj:ed by iht 
electrical/electronic, type. In this chapter the 
Speiry jVlk 1 1 Mod 6 gyrocompass will repr^esent 
the '^eftrical/mechanical type and the Sp'erry' 
Mk 19 will represent ftie electrical/electronic 



/pe) 



type) While there i§ more than one type of each 
compass, <he functioni^l descijiption of these two' 
compasses will explain ther two basic types of 
systems. , 

After^tu dying this chapter-, you should be 
able to describe the action of a free gyroscope, 
to tell how it is^ converted into either tn 
electrical/mechanical or an, electrical/electronic 
gyrocompass, to '^ve a ifrief functional 
description of the Speriy Mk 1 1 Mod 6 and the 
Mk 19« gyrocompasses,' and to supervise the 
ope:^ator and repair personnel in training, 
maintenance,, repair, and records pertaining to 
this equipment. * . * 



THE FREE GYROSCOPE . 

the gyroscop;[i is a* heavy wheel, of rotor, 
suspended so that its-ax4e is.free:^to turn in any 
direction. The rotor axle is supported by two 
bearings at S and S ' in a ring|as illustrated in 
figure 6-1. The ring is supported by studs and 
bearings at H and H in a slightly larger outer 
ring. The outer ring is mounted in the 
supporting frame-by studs and bearings ^V an^ 
v. The two supporting rings are cajled gimbals. 
The supporting frame is not a part of the 
gyroscope ^ut merely supports it. The rotor and 
tF?g^^ two jfmbals ,ati bafanced about their axis, 
which: |re mutually perpendieular and intereect 
at th^fienter of gravity of the rotor. The 
bearings of the rotor and gimbals are considered 
to be completely free of friction. Actually^'her^ ' 
.is always some friction, but it has beenii^ftSc^d^ 
to such an extent that it \s. coii^^Q^ 
nonexiste^.^^ ^ - 
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clevejop thcw gyroscope into a ^^\'rpconlpass. are 
rigidity- of ^jlane an(i.prcccssion. . 



!^ Figute 6-1.— The gyroscope. 
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The gyroscope rotor has three degrees oY 
freedom- freedom to spin, freedom to tiinv. and 
freedom to tilt-which permits the " rotor , 'to 
assume any position withhnhe supporting frame 
(fig. 6-1^. The rotor 1s:free to spin about its own 
ax^ (spinning axis. S-S ' V -the first degree of 
; freedom. T lie inner guiibat ring is* free to rotate 
f on ' rt^\^ bearings ' about the ^ horizontal axis 
.i;H;HI''>)- the second degree jof freedom.. The outer 
v-^^ginib^tKh^ is free to rotate on ifs bearings about^ 
the .Vertical uxis^ (V-Y ')-the third degree of- 
freedom, 

.GYROSCOPIC PI^OPERTIES ; 

•\ W^en a gyrosgppe rotor is sj[^|hning rapidl>\ 
the gyiosco.pe develops two pTopertiq^, that . it 
does, ndt have when.the rotor is at rest! These 
two jprojier ties, . which 'imke it* possi-ble- to 



Rigidity of 'Plalie 



^ /When the rotor o,f a'gyroscope-is'set spinning 
, with, its axle pointeCI in.one direction (Tig. 6-2A). 




Figure 6-2.-Rigidity of plane of spinning 
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the rotor continues to spin with its spin axle 
pointing in the same direction, no matter how 
the frame of the gyroscope is tilted or turned 
(fig. 6-2 B). As lan|^ as tl^^ bearings are 
/rictionless anil the rotor spins, np turning of the 
■ supporting frame can change- the plane of the 
rotor with respect to space. This propv^ty of the 
gyroscope is known as rigidity of plane, 
gyroscopic inertia, or stability. It can be 
explained by Newton's first of motion 

which states that a body in motiotji^will continue 
to move at a constant speed in a straight line 
unless acted upon by an outside fc^rce. 

A gyroscope can be made motip rigid (1) by 
making the rotor heavier, (2) b^^ causing the^ 
rotor to spin faster, and (3) by ion^'^'ntrating 
more of the rotor weight near the 
circumference. If tw) rotors with ilross sections 
like those shown in figure 6-3 are of equal 
weight and rotate at the same speed f the rotor in 
figure 6-3B is more rigid than the^rutorin figure 
6-3A. Tliis condition exists because the weight 
of the rotor in figure 6-38 is concwitrated near 
the circumference. Both gyroscope and 
gyrocompass rotors are shaped lil($ the rotor 
shown in figure 6-3B. ' f 




(A) 
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Figure 6-3. -Weight distribution in rotors. 
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recession 



the spin axle of a spinning gyroscope points. To 
change this direction, a force must be applied to 
the gyroscope rotor or its axle. A downward 
force on one end of the rotor axle attempts to 
tilt the gyroscope aboiit the horizontal axis'and, 
if the rotor were not spinning, the axle would 
tilt irv response to the force. However, if the 
rotor is spinning, its rigidity will resist the 
attempt to tilt the rotor about the horizontal 
axis, and instead, the gyroscope will turn about 
the vertical axis. Any force attempting to turn 
the gyroscope about the vertical axis is similarly 
resisted and results in a tilt about the horizontal 
axis. . ^ 

This rotation of a gyroscope about an axis 
perpendicular to the axis about which a force is 
exerted is called precession. Precession takes 
place whenever any force tends to tilt and/or 
turn the axle of a spinning gyroscope rotor. 

A simple way to determine the directio^n of 
precession is illustrated in figure 6-4. Consider 
the force that tends to change- the plane of 
rotation of the rotor as it is applied to point A 
at the* top of the wheel. 'This point does not 
move in the direction of the applied force^ hut a 
point displaced 90"^ in the direction of rotation 
moves in the direction. of the applied force. This 
is the direction of precession. 

Any force that tends to change the plane of 
rotation causes a gyroscope to precess. 



H — 




We stated earlier that/because of gyroscopic 
inertia, movements of the oute;r supporting 
frame. has no effect on the direct^ion in which 97 



27.i33(77A) 
Figure 6-4.— Direction of precession. 
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Precession continues as long as there is a 
cqmpoHent of force acting to t-hange the plane 
of rotation, and precession teases immediately^ 
*whe,n the force is removedf If the plane through 
which*th^ force is acting remains unchanged, the 
gyroscope, prec^es until the plane of the- rotor* 
is in the plane of the force. When this position is^ 
reached, the force jsiabout the spinning axis'^i^d 
can cause no furth^rprecession. \ 

If th(2 plane in which the force acts 'movent 
the same rate and in the same direction as ihe 
precessiop which.it causes, the precession will be 
continuous. 



EFFECT OF 



EARTH'S ROTATION 



As^ explained previously, ^ a free-|pinrfihg 
gyroscope can be .moved in any direction 
without altering the angle of its plane of 
rotation in reject' to a fixed t)oint in space^ If a' 
free-spinning gyroscope ^ were placed on the 
earth's surface at the eqQator with its spinning, 
axis horizontal and aligned east and we^st, an 
observer in space below the south pole (fig. 6-5) 
would, note that the earth rotates clockwise 



WfronV west^'to Hjjist and carries *the gyroscope 
along. AAlthe ecirth rotates, rigidity^ of plane • 
keeps UieMgy^toscope wheej fixed in soace and 

* rotating- in thc'^same plane at all time^ Assume ^ 
tiiat the gyroscope is set spinning at'OOO© hours 

• nvithjts 'spinning axis aligned east 'and west and 

; parallel to the' earth'^* surface. At 0600, 6 hours * 
. after the'^' gymscope ^as .started, the earth has, 
'^rotat§d*90° and the axle of the gyroscope is still 
.alignecj 'with, the pri'ginal starting position. 'At ! 
1200' the earth , has rotated, . .180° while the " 
gyroscppe still re'tains its original ppsition. At 
; .1800 the eJarth has .rotated 27(f^ while W 
"^gyroscope stflf retains^ its original position. At 
' 0000 the earth- has 'rotated 360V and -the 
gyrpscope is still in its original position. 

Note that throughout the 24-hour period the / 
spin /^le of* the rotor has maintafined a fixed ' 
position in space. 

This rigidity of plane a|)p.ears quite 
differently to an observer standing on the earth's 
^rface. As the earth rotates, the observer moves 
with it and ttie- gyroscope wheel' appears to 
rotate about its horizontal axis! Fijpiire 6-6 
shffws'how this gyroscope is set spinning at 0000 .. 







■\ . - ■ • 

* 12.144(77A)A 

Figure 6>5.— Free gyroscope at the equator as 

viewed from space below the south pole. 



, 12.l44(77A)e*^ 
Figure 6-6.— Free gyroscope^t the equat)i>r viewed from* 
the earth's iftrface. 
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hours 0 with its spinning axisy horizontal and 
pointing westward toward the observer. -At 
0600; 6 hours after tht* 'gyroscope' was started, 
the earth has rotated 90"" and the gyrdscope axle 
appartMitly has tilted. To the observer, the .axle 
points straidit dowrt antl^is vertical to the earth's 
surface. At 1200 the "gyroscope axle: is^ 
hoHzoriVtiil again, but the axle points away from 
' the qbse/ver. At 1800^ the gyroscope axle is 
<again\yprtical and'j^^oints straiglit up. At 0000/ 
A the earth BHs rotated 360" and the gyroscope 
\;txle^ a iht; observer to be ^ack in .its 

(xJ^'rtiJil fact it has been fixed 

-in space 

. Tlll^ -fofulioa e^^^ gyroscope axle ^as 'seen - 
b|' the ob^c'jver 6n'ftl|V'/prTh s sufface-is known, 
as apparent, rot.ati,qn. "Apparent rotation is 
.caused by rigidi-tv ^ of '^lane which tends ' to 
maintain , the plane of the gyroscope^'wlleel 
parallel, to its 'original positic^n in spiice. 
Apparent rotatiorl. or tilt of thegyr9 horizontal 
axis, is referred to as horizontal eartlj rate effect. 
This- effect varies- with the cosine 'of the latitude 
and is maximum at the equator and zerp at the 
poles. \ I ^ ^ : ' y 

Nov/ assume /"that the'^ spinning gyroscope, 
with its-spinning axis horizontal, is moved to the 
north pole (fig. 6-7). To an observer in space 




77.198 

Figure 6-7-— Apparent rotation of a gyroscope at 
the north pole. 



above , the north pole, it ^is seen that the 
gyroscope axle Remains fixed and the- earth 
rotates under it. To an observer orw the earth's 
surface the gyroscope appears to* rotate about its 
vertical a^is. This apparent rotatiorl abou^-^-the 
vertic;al axis is referred to a? vertical earth rate 
'! effect ajid it varies with , the sine of the latitude. 
It is maximum,; at the poles and zero at the 
equator.*. j ' 

•When the gyroscope axle is placeci paralltU to 
the eartlfs axis 'at aav^Jocation on the earth's- 
surface, the apparent- rotation a^out the spiji 
!^ axle of the gyroscope and cannot be observed. 
At. any point betwei^n the equator dtxd either 
pole, a gytQSCope whose spinning axis, is not 
parallel to the 'earth's spinning* axis has an 
apparent, c rotation that is a combination of 
- horizontal earth i^ate and vertical earth rate. , 

CONVERTING THE 
. GYROSCOPE INTO A QOMPASS 

• ■ , ' - . i ■ . ■ ■ ■ ' " ^ 

■ ! / * ' ■ ' " 

' If a free gyroscope is set with its spinning 
axle in the plane iof the meridian and parallel to 
the earth's axis, it will remain in that position 
because the appat*ent rotation produced is about 
the gyroscope axle. Thus, it xbecomes . a 
directi on-indicaiing' device.' Once set,'<^ it 

' ^ continues to poin^ north as long as no disturbing; 
forces cause it to precess oufipf the plane pf the 
meridian. Suclt an instrument,"- however, is not 
useful as a compass because a^iy slight friction 
sets up torques that cause it to precess away 
from the meridian. An excessive tilt in relation, 
to the earth's surface, except at or near ^the 
equator, is required to keep the gyroscope ^xle 
parallel to the earth's axis. Also, if the axle is set 
suYficiently level for the instrument to be useful 
as a compass in a north or south latitude, the 
earth's rotation causes it to turn away from the 
meridian, as explained ^ in the preceding 
paragraphs. . 

The Tollowing conditions must be met to 
make a gyroscope into a gyrocorripass which 
accurately in^ijfcates north at all times. 

1. Jorques of the correct magnitude and 
direction must b& provided to. precess the 
gyroscope so that the spinning axis is brought 
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.j^* parallel to*thi meridian jyithin a reasonable time 
it ^ after th^ , wheel ij^t spinning. €orr9Ct iorqucs 
•♦^ ^^so must be provided to cddj^^pr^^cessibn ab^t 
'Ythe vertical apcis at>he proper rate and in tho^ 

- ^proper direction to cancel the effect onMhf ' 

earth's rotation. * 

2. The spin axis of the gyroscope must be 
. neaily leVel when parallel to the meri'dian, and a 
means must 'be providi^d to prevejpt it from 
oscillating acfqss the meridian, - 

> ^ The electrical/mechanical (Spe.rry Mk^H 
Mod 6) type gyrocompass employs a mercury 
Tjallistic to detect an unlevel condition of the 
rotor axle and applies the necessary torque 

^ about the horizontal axis which cauiies the^ 
compass to precess about its vertical axis and 
seele the meridian (true North). This torqiie is 
applied to the bottom of the rotor case by 
means of the connection arm and th& offset • 
connection bearing stud, hence, vthe nfame 
mechanical gyrocompass. V* 

In its simplest form^the mercury ballistic 
consists of two mercui;y^ontaining reservoirs, 
one mounted at eacfi end of the rotor axle. The 
two reservoirs are- connected by a pipe so that 

- the mferCury.is free to flow frpm one reservoir to 
the other, as shown in figure 6-8. , . 

When the axle is level' (fig. 6-8A), each 
reservoir contains the same amount of mercury, 
each weighs the s^me. and each exerts the same 
downward force on its end of "the axle. 
Therefore, «no torque is produced about any ^ 
axis. When the axle is tijted. even slightly (fig, 
^8B), mercury' runs through the- connecting 
tube from the higher container to the lower 
container. The amount of mercury in the two 



tanks is ho 
heavier be 



longer equaLand the lower tank is 
heavier betaus^^/it contains tnore mercury..^ 
Therefore/the '4ower .tank exerts more^ force 
against its axle, than dbes the upper tank, and , 
produces a tprijiie about axis H-H ' This torque, 
which seemingly tends > to increase the; tilt, 
instead causes precession about the vertical axis/ 

v-v: . •• ■ ^ ' ^ 

The electrical/electronic type gyrocprnpass 
uses a gravity reference system consisting of a 
means to detect an unlevel condition, and the 
necessa,ry electronic circuitry to amplify and 



^f' i- ^ 77.201 

FigMrej6-8.— Action of^a mercuiyballjstic. 



control these signals. The Unlevel signal is in the , 
form of an electrical signal, the phase and 
magnitude of which indi^tes the dffectiqn and 
the afnount of the gyro akle tilt, within design f 
limits. - ' ' . 

' There are two kinds of detecting de.yices 

' presently in use.- An electrolytic bubble level is . 
used -in 'the' Mk 23, and all mods of the jyik '\9 

^ except the 3C arid;3D. An accelerometer is used^ , 
iin. the .Mk 19 Mods 3C and 3D. Both these ^ 
devices are mounted parallel to the spin axis of 
the rotor and, therefore, deteetsany tilt of the"" 
spin axle. _ • ^ 

, The electrolytic bubble level (Qg^-9)isthe 
most commonly 'use4 detecting device. It 
consists of a slightly curved cylindrical glass vral * 
coittaining three platintim electrodes situated as ' 
shown. The vial is' .nearly filled- with an 
electrolyte so that a bubble is formed at the iofi 
of the vial. When the vial is horizontal, the 
bubble is centered^and the resistance ^between 
the top electrode and either of the 'lower 
electrodes is equal.. If the vial4ilti so the bubble! 
moves to the left, there is less electrolyte 

, between the top electrode and the lower-left v 
electrode and the resistance between the two is 
increased.. Correspondingly, the resistances 
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Figure 6-9,— Electrolytic bubble level simplified 
schematic diagram. ♦ . ' 



between the top and lt>wer-right electrodes 'is 
less. The differehce in resistance is proportional 
to the movement of the bubble. If the bubble 
n^6yes to the" right, the opposite effect takes ' 
place. , ' 

As shciwn in figuj^g^ 6-9, the two lower 
electrodes are excited frtfm the opposit^^^^ds of 
thtf output winding of 'an,e^^cjtati6rl tfeii^^^ . 
w|;iose primjiry is connected fo'^ne;%)hase of the 
40.0-hertz power line. The-'out'put signat-(tilt 
signal) pf : the gravity reference' ; circyit is ' 
obtained between ' ^n 'accurately located 
centaf-tap (signal comfnon).of the secondSry of 
the excitation transformer.and the top'je^ectrode 
of the gravity reference.' When the level is 
horizontal, tlie output of the gravity reference ^ 
circuit is zero^ As the gravity reference is tilted, 
from the ho.rizontal, an output , voltage will be 
produced whith is propprtional to the Sfnbunt 
of tilt and with the phase dependen^ upon the 
cjirect^on'^f tilt. Thus, the gravity reference is 
erhployecMto produce an output signal with 
magnitiiR and phase according to -the 
Inagni^ude and sense of the departure of the 
rotor spin axle 'froim horizontal^ 
; TIfe signals detected, developed, and 
amplified 'by the gravity refercfnce system are 
Applied"'- to the rotor (sensitive element) 
elect^omagneticiiIly through devices called 



tojJIHters to cause ijie controlled, precession of 
the sensitive element. These tprquqjs operate in;' 
pairs and arje-inouiifed On opposite sides of -the' 
sensitive elaiT\^nt.NEach' torq is made up'6f> 
coils wouna oh ^bopen-^rack made of soft irrfri 
lamin^ions. The two-end legs act as control 
fields' while the' certter leg acts as the reference 
fieiy«?and is displaced by 90 electrical' degrees. 
They , operate similar to a 2-phase induction 
motor to place a turning torque^n tlie sensitive 
element. The amount of torque is.,proportional 
to the magnitude of the signal from- the gravity 
reference system to the control windings and the 
direction depends , op whether the voltagi is^ 
leading or lagging- the . fixed field. The signal 
voltage amplified and fed <q the torquers 
provides the necessary torques' to make the 
^ompass precess \o seek^ and settle on the tfue 
meridian. In the electrical/electronic type of 
gyrqcompass the torques are 'not . applied 
mechanically. 

If the torque from tht^ merCury ballistic of. 
gravity reference system were applied only 
' about-: .the,"^ horizontal /^axis, the^ gyrocompass 
would oscillate continuously Wck; and forth 
across the meridian.i^^Thi^, the unit wouil be ^ 
north-seeking but not north-indicating. Tiie time' 
in minutes for one compJete cycle /of this 

* movement is ^called its period of oscillation* 
.(usually palled its period) and is one of the 
variables in the design of a gyrocompass." 

t Or ■■ . j 

The period on a north-seeking gyro, is- 
>tdetermined ( 1) by the weiglity-size; and shape-of 
the rotor, (2) by the rotor speed, (3) by 'the 

• torque developed by the mercuiy ballistic or the 
\ gravity reference system azimuth torquer and 

(4) by the latitude. If a /short period (of 
oscillation) is used, the ffi/rocompass is too 
greatfy* dferUrbed by ship i^otio^ns, such as roll, 
pitch, and^peed or course'^ changes. Too long a 
period (of^oscillation), /however, causes the 
corripass to take an exce/sive amolint of time to" 
settle on the meridian /after starting or after a 
dist,urbance. . / 

The north-seeking gyro will never settle on 
the meridian^ Therefore, a .means must be 
provided to suppress, or damp, the oscillations 
by reducing th^siz(5 of successive swings past t-he 
meridian until the/oscillating motion is stopped. 
The damped, north-indicating, gyroco*rr|pass will 
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precessi.Mt a rate ' to -cancel the/effect of jthe-l 
eartli's rotation, and therefore give a ccSntinubu^'^ 
indiCfition of t*iie north. * * ^ " / ' 

^The- b^tillations are damped by applying a' 
SDiall, b6ntrolled torque about the vertical :ixis 

J fie gyrocompass;' th-Treby ^aus^jTg controlled, 
pound precession abo^t the horiz^ont^ axis 
th-seeking t^^^jue) and the^ verticar, alxif 
^aamping/north-indicating torque). ^ ' * i ^ ' 

in the electrical/mechanical gyrocompas§'the 
darnlpening' torque is applied by offsetting/ the 
poinV\of connection between the , .mercury 
ballistic |and .the rotor "case a fraction of an inch 
to the east of the v/rtical axis. Thus, the torque 
' exerted^by the mercury Ballistic is applied^^about 
both the horizontal axis and the vertical axis. 



In the electrical/electronic gyrocompass the- 
dampening torque is obtained by takmg a 
portion of the gravity reference signal and 
applying a torque electromagnetically about^the 
vertical axis by means of the ' leveling torquer. 
Thus,, the gravity reference signal developed by 
the electrolytic bubble level -oEyaccelerometer. is 
applied about the horizontal axis by • the 
azin^uth control : torquer (nirth-seeking) -and. 
'thje .vertical axis by the leveling torquer 
ianiiS^ing/north-indicatirig torque). Thus, the 
^ravitikftgference signal is ^rpplied about both the 
''hori^iJntal axis and the vertical a*xis. 

GYROC:OMPASS ERRORS 

A gyrocompass' is subjected to many outside 
forces which will induce errors. Some of these 
are the ship's motion, roll, pitch,! speed, 
acceleration, deceleration, whether t^e ship's , 
direction of travel is adding to or subtracting 
from the earth rate, the latitude at which the 
ship is operating, e'tc. v 

The different types of gyrocompasses 
correct for or eliminate these forces in different 
ways. Some of these errors may not alffect a 
particular'type of, gyrocompass because of its 
^^design, and other errors are compensated for in 
different ways in different, compass sy^ems. 
Tlierefore, we 'will not discuss gyrocompass 
enorsyin any ^depth. Some of the errors that 



•^affect. a pjfrticlilar systoiti be explained, with 
its me t'jiod of correction 6k c^^^>•pensation, under, 

' the^Spcrry^Mk li^Mod^,^^^^^ tlK-^Sperry Mk 1^9 

^sections later this chapter. • Generally, 
hPowever,- yoii wiM t\cj expe(:ted obtam the 
information about gyrocompass errofs^, . hcTw** 

•they affect your iiifstSlTation^ etc, from, your 
m^nufactprer'^ technical m'^ual. * • ' 



SPI^RRY MK It MOD 6J 
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The Sperry Mk ;l 1 Mod 6 {tlg.^e-l O) is an 
''electrical/mecharfical^type gyrocompass that was 
formerly used extensively* on destroyer type 
ships. Although these compasses are beiing 
phased out of service, several are st'ill to be' 
found in the fleet. The complete system consists 
of the • master compass, the control system, 
^alarm system, followup system, an(!| the 
transmission system. The master compass 
includes five major components: (1*) ^sensitive 
element, (2) mercury ballistic,, "(3) phantom 
element, (4) spider, and (5) •binnacle and gii)jbal 
rings. The binnacle and gimbal rings enclose and 
support the bther four major components. 

X 

SENSITIVE ELpMENT . . . 

The' sensitive elenient (fig-: 6-11) is the ' 
north-seekjng element of the master compass. It 
consists df: the gyro unit, vertical ring, 
compensating weights^ followup indicator (not*' 
shown) and suspension. 

/ . * ^ • ' : 



Gyro Unit 



-V The gyro; unit of the sensitive element 
pro^i^ides r-igidity of plane. The unit consists of • 
the rotor and its case. The case is made airtight 
and the rotor operates in ^ vacuum (26^to 30 
inches^of mercury) to reduce the friction caused 
.by air re si stall ccy '\v 

- .A gyro case lock V^ig. 6-11) prevents the 
tilting o4the gyro caSe about its horizontal axis 
* when th^ compass is not operating. This latch 
should be disen^gaged only when the rotor is 
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Figure 6-10.vSperry Mk 1 1 lyiod 6 gyrocompass sf^owing binnacle arid girnbal rings. 



40.35 



running , at normal speed. It is located on the 
lower part of the south side of the vertical ring. 

Vertical Ring 

The vertical ring (fig. 6-1 1) is attached to a 
wire suspension from the head of the phantom 



eleipent. The vertical ring is concentric with the 
phantom ' r^ng Miich surrounds the entire 
sensitive element. The phantom ring is kept in 
alignment with the ring, while the compass is in 
operation, by the action of the foUowup system, 
discussed late^L , 
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Figure 6-11.~Sper^ Mk 11 Mod 6 sensitive element. 



40.30 



•• A vcrtioal ^ ring, lock (fig. 6-11) keeps the 
vertical ring in line witii the phantom ring when 
the compassas not operating. This jock" prevents 
the wire suspension from acquiring a permanent 
set which would affect the settling point of the 
Compass.. \ ■ . / 

Compensating Weights . ' 

■' •••■'"The compensating .weiglits (fig. 6-11) are 
supported by two frames that are attached to* 
the vertical ring.' The frames projt^t outward 
beyond each end'of the*rotor axle. The weights 
are mounted on studs. 'Positions of the weiglits 
can be adjusted in the direction *of the axis of 
the gyra^otor. The function of the weights is to 



provide an eve,n distribution of the weiglit of the' 
gyrocompass about the vertical axis. 

The , armajture of the signal pickoff or 
followtip transformer is attached to an arm. th^,^ 
.pYotrudes liorizontally from the upper part of^ 
the south. compensating weight frame (-fig, 6-1 1). 

Suspension • 

The suspension (fig. 6-1 1) suspends the 
eiitire sensitive element frjom the phantom 
element. 'It^consists of a number of small steel • 
wires secured at the Upper end to the head of 
the phantom element anci at the lower end to 
the vertical ring..^,,^ . 
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PHANTOM ELEMENT 

The phantom cli'tncni '(fig. 6-1 2> is 
compofsed of 3 groiip of parts that afcts ,to 
support the seijsitive oFemw^t. It consists 
essentially of a'hollovy cylindrical stem that 
projects radially from the 'phiiintom ring, which' 
is mounted iii. the spider and 0:\tend§^ below the 
^•central hub o.f the .spider table. A means^of 
'attaching the -top end of the suspensibn -wire is 
provided at the top^.of tht^ stein. , 
• The phantom element has n^ north-seeking 
properties of its awn.. However, it does' 
continuously indicate"nortli..The action of the 
fpllowilV) system mak^^s the p^iantoni element 
♦follow all movements ofi the sensitive element. 

thrust bearing on the top of they 
cyhndrical stem (fig. 6-^2; rests in the hub of 




\ - - 40.33 
figure 6-12.-Sperry Mk 11 MpclG phantom elennlent. 



the spider table and supports the weight of the 

phantom and sensitive elements., 

^ In. addition to its function of support of .the 

sensitive Element, the phantom ring also carries 

bearings that'support the mercury ballistic. 

CoUe.ctor rings are. mounted on ^he 

cylindrical stem below the upper stem bearing to 

connect the various electrical circuits from the 

fixed^to the moving parts of the compass. ' - 

■ ♦ 

MERCURY BALLISTIC 

■ ' S ' ' ^'T 

■,The mercury ballistic (fig.^6-l3) is that 

group of parts which applies th^^ gr^vity^ 

controlling force to Ithe gyro unit and jnakes it 

nqrth-seeking. It consists of a 'rigid frame 

supported pn 'beamings in ^the phantom ring, 

' These bearings a^e in line with the horizontal 

c^se ^^)earings in tl^e. vertical ring sb that the 

mercury balhstic is free fo tilt ^ abouf the 

east-west axis of the'^ensitive element 

the frame supports a mercury reservoir in 

each of its four^^omers. The N and S restrvofrs 

on the east sidepf the compass are Connected -by 

a U-shape'd tub*e, ani& the N and S reservoirs on 

the west^'side are similarly connected. The 

gravity controlling force of the mercury ballistic 

is applied to the bottom 'of the gyro base 

through an adjustable offset bearing stud (2) 

mounted on the ballistics-connection arm (5). ' 

The connection bearing offset to'the east 
from the - vertical axis by a short distance to 
provide the damping adjustment. When it is 
desired to eliminate damping, ^ solenoid 
(damping eliminator magnet) is energized by an 
automatic dam'ping eliminator switch (discussed 
-later) that attracts a plunger which moves the' 
pivoted "Connection arm until the connection 
bearing is in line with the vertical axis of the 
gyro. ^ In additioh, each mercury reservoir is 
offset from its supporting stem io that ^ach 
resGrv()ir can ^be rotated around its stem through 
an arc of approximately 110° to vary the lever, 
arm of e^ch tank, Thiis, the period of an 
undamped / oscillation of the gyrocompass is 
ma in tained\ constant in all latitudes by 
adjustment of, the mercury, reservoirs. This 
adjustment is /eferred to as the ballistic latitude 
adjustment. 
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1. MERCURY BALUSTIC 



2. OFFSET CONNECTION BEARING STUD 

3. MERCURY RESERVOIRS 

4. MERCURY TUBE 

5. CONNECTION ARM 

6. MERCURY BALLISTIC SUPPORT STUD 

7. (yiERCURY RESERVOIR SUPPORT STEM 

8. LATITUDE SETTING THUMB WHEEL 



9. tAtlTUDE SCALE* 

10. DAMPING ELIMINATOR MAGNET 

11. NON-PENDULOUS BAL'ANCING WEIGHTS \ 

12. HORIZONTAL BALANCING WEIGHTS 

13. NO.DAMPING ADJUSTMENT SCREW . 

14. DAMPING ADJUSTMENT 

15. MAGNET LINK SPRING 
"^16. LEVELING SCREW HOLES 



Figure 6-13.-Sp€rry Mk 11 Mod 6 mercury ballistic. 
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SPIDER 

The spider ( fig, 6-1 4) 'is i\ circular tabic of 
cast aliuniiuim alloy. It is supported in the inner 
ring of the two rings that comprise the gimbal 
system. A' boss in the center of the spider table 
supports the thrust bearing and the upper and 
lower stem bearings of the phantom element. 
Th'erefore. the entire inner, or moving, members 
of the compass are supported by -the spider 
through the thrust bearing. 

The a/.inuith followup motor and the 
automatic damping eliminator switch are 
mounted on the forward side of the spider table. 
The speed and latitude correction mechanism 



and the auxiliary latitude corrector arc mounted 
on tl>e after side of the table. The 36-speed 
, synchro transmitter' is located on the port side 
and the single-speed 'synchro transmitter is 
located on the starboard side of the table. 

CONTROL AND 
ALARM SYSTEM 

The Sperr\ \lk ' ] Mod 6 gyrocompass 
control and iilarm systenv(figr6-l 5) consists of a 
mo.tor-gcnr, jtor. speed regulator, control panel, 
battery ct^rowover i^onel, and bridge alarm 
indicat -^^c. with the necessary apparatus to 
operate ind control :he, master co^mpass. 
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INNER GIMBAL-RING 



GIMBAL-RING BEARING 



-Figure 6-14.-Sperry Mk 11 Mod 6 spider.- 
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' . The gyrocompass drive system consists of 
the primary and emergency sources of power. 
The primary po>yer source is the ship's 3-phase, 
120-volt^ 60-Hz supply, and the emergency 
power source is the 24-volt battery supply.^ 

Motor-Generator ^ >. 



Two separate motor-generator sets are 
provided .with each complete^ Sperry 
gyrocompass equipment. Each set consists of an 
a.c. , motor, a d.c. emergency . motor, an a,c. 
generator, and a d.c. generator /fig. 6-15). The 



a:c, motor and the d.c. emergency motor are 
mounted on a common shaft .in a single frame. 
The a.c. generator and the d.c. 'generator are also 
mounted on a common shaft in a single frame. 
,The shafts of. these -two units are; directly 
coupled together. Each motor-generator set is 
assembled as a complete unit, and mounted on a 
single bedplate. . 

Compass Control Panel 

The compass control, panel is located at the 
upper left-hand section . df the gyrocompass 
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switchboard (fig. 6-16). The control panel 
controls and indicates the operating conditions 
of the master compass. The ship's 3-phase, 
120-volt, 60-Hz power supply aifd the ship's 
single-phase, 1.20-volt, 60-Hz power supply are 
connected direcHj^to termiriats on the back of 
the compass conttol panel. The 3-phase, 
120volt, 60-Hz power supply is feq from these 
terminals on the control panel 
battery ihrowover relay on 
throwbvet panel to the motor-geij 
switch -on the compass^ contr 
switches and fuses for these power 
included on the IC switchboards 




h'rough the 
attery 
an§fer 
The 
s,are 



Bridge Alarm Indicator ^ x 

> 

The bridge alarm indicator (fig. 6-17) is 
located ' in the pilot house. The indicator 



includes red, blue, and gft^n indicator lamps, a 
darnping-^hminator pusKswitch and a starting 
pushswiteh, alL enclosed withih a metal case 
provided for bulkhead mounting. An external 
alarm bell is located adjacent to this indicator. 

, The -red indicator lamp in the battery supply 
indicates operation of the compass equipment 
from the 24-volt battery supply. 

The blue indicator lamp is in "tjje 
darnping-eliminator circuit -as a' warning 
whenever the , dampmg-elinrinator coil is 
energized. ^J. ; v-" 

The green indicator lamp in .tfe ship's a.c. 
?^PP'y_^^ ]igilL^.d_asJqng_asJJiohi^ 
connected to the compass equipment. 

Each indicator lamp is provided with a series 
variable resistor to control the intensity of 
illumination. 

The starting pushswiteh is in parallel with 
the pushswiteh on the battery throwover panel. 
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Figure 6-15,— Sperry Mk 11 Mod 6 gyrpcompass control and alarnn system. 
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The cl;iiiipin'^-climinal()r pushswitcli is in 
parallel with tlic aiiloniatic clanipin^^-cliniiniitor 
switch on the master eomp;iss and niay be 
manually operated to ener^i/e the 
damping-eliminator et)il and thus remove 
damping. 



Figure 6-16.-Sporry Mk 11 Mod 6 gyrocompass switchboard. 

I OLLOWIJP SYSTIiM 
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f he tollowup system includes the Ibllowup 
meclianism, the Ibllowup transformer, the 
a/imuth motor, and the Ibllowup panel! The 
system delects any misalignment between the 
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Figure 6-17. -Bridge alarm indicator. 



' phantom and sensitive elements and drives tlie 
phantom element in the proper dircetion to 
restore alignment. Any niisali^^nment between 
the phantom and sensitive elements results in a 
signal voltage output from the t Mowup 
transformer. The amount ol misaligninent 
determines the magnitude of this signal voltage, 
and the direction of misalignment determines its 
phase. The signal output i'rom the lollbwup 
transformer is amplilled by a voltage am[)lirier 
Jind is used to control The output ol* a power 
' amplifier wliich operates the a/iinuth nioto/. 
The a/imuth motor, in driving the phantom 
element back into alignment with the sensitive 
clement, also drives the single and 36-speed 
synchro transmitters and a lost-motiori device 
thr/)ugli the a/imuth lollowup gearing. 

TRANSMISSION SYSTKM 

The Sperry Mk I I gyrocompass transmission 
system transmits the heachng indicated by the 
'master gyrocompass to a number ol* gyro 



re[)eaters, also called own ship's course (OSC) 
repeaters, located at various stations throughout 
the ship. The I -speed and 36-specd synchro 
transmitters (driven by the azimuth followup 
motor) control the movement of the own ships 
course repeaters which indicate the readings of 
the master compass at the remote stations, ^ 

The transmission system also includes the 
transmitter overload relays, repeater panel, relay 
transmitter repeater pjuiel, relay transmitter, 
relay transmitter amplifier panel, diflerential 
.alarm relay, and repeater compasses. 

Two similar transmitter overload relays, 
mounted on the back of the conipass'cOntrol 
panel, provide a visual alarm when an overload 
occurs in the transmitter circuits. One relay is 
connected in the l-speed transmitter circuit, and 
the other relay is connected in the 36-speed 
transnntter circuits. 

rhe repealer panel (fig'. 6-16) Ms located 
. below the followup panel. It comprises an 
asseml)ly of rotary switches, and auxiliary 
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equipment. Each -switch, with its associated 
fuses and ^ overload indicating devices, is 
assembled as a unit and can be withdrawn from 
the front of the panel for inspection ancj repair 

To actuate a number of repeater compasses 
without imposing this load directly on the 
^compass transmitters, an intermediate 
mstrument (relay transmitter) is used. The' relay 
transmitter (not shown) consists' of a l-speed 
and a 36-speed synchro control transformer 
(CT), . a commutator transmitter, ^ followup 
motor, and a reactor, all enclosed within a metal 
^JiMLPy^'^^^d for bulkhead mounfjng. _^ 
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SPERRY MK 19 GYROCOMPASS 

It 

The Mk 19 gyrocompass is a navigational 
and tire control instrument with design features 
^ based on unusual requirements. In addition to 
own ship^s heading data, it accurately measures 
and transmits angles of roll and pitch These 
features distinguish the Mk 19 from all other 
shipboard gyrocompasses that preceded it. 

Design of the compass is based on the 
principle that two properly controlled 
horizontal gyros used together can furnish a 
stable reference for the measurement of ship's 
heading, roll, and pitch. Brieny, the basic unit 
consists of two gyros placed with their spin axes 
as shown in figure 6-18. The top gyr6 is a 
conventional gyrocompass and is referred to as 
the north-seekihg, or meridian gyro. Its spin axis 
is directed along a north-south line and it 
furmshes indications of ship's heading, roll (on 
090^ and 270"" course), and pitch (on 000"^ and 
180° course). 7"he lower gyro is positioned with 
its spin axis slaved to the meridian gyro along an 
east-west line. It is referred to as the slave gyro 
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TORQUER 



SLAVE 
GYRO 



27.168 

Figure 6-18.-Simplified diagram of the Mk 19 
gyrocompass element. 



stabih/e the entire sensitive element in roll and 
pitch, thereby furnishing an indication of the 
/.enith in terms of roll and pitch data. 



Both the meridian and slave gyros are 

course. ^ p„ch „„ «.-««. '«y!;*;^r«. Wh^'lltS'^ 

and uccelenition, earth rate, constant torques, 
and followup errors, [ lie system consists of four 
major components: the master compass, control 
cabinet, compass • failure annunciator, and 
, standby supply (fig. 6-19). The Mk 19 Mod.lB, 
3C, and 3D employ a static power supply (not 
shown) in place o-f the m-g set. In all eases the 
gyrocompasses are installed with a- no-break 



The Mk 19 gyrocompas.s has an electronic 
control system th:lt makes it seek and indicate 
true north as -well a.s the zenith, A gravity 
reference system detects gym tilt, and torques 
are applied electromagnetically to give the 
meridian gyro the desired period and damping. 
Further, signal.s arc generated by the compass to 
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Figure 6-19.-Mk 19 Mod 3A gyrocompaM equipment. 
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supply from a battery source for use in the event 
of a normal suppfy failure. 

MASTER COMPASS 

ThV master compass (r4 6-19) is 
approx-imately 3 feet high and,, weighs 
. approximately , 685 pounds. It| ■ tAvb- major 
portions ■ are the» compass eleiment arid ' the 
supporting elehleijt (fig. 6-20). • ;> , , 

Compass Elgment ^ ^ - ' - ^'^ 



Supporting Element 



The compass 'Memanir' includes the sensitive 
element (meridian', and sjavt, gyros), the gimbal 
and the phantorfi assembly. The phantom 
-assembly includes the azimuth phantom, which 
defines the meridian, and the roll and pitch 
phantom, which defines the zenith. 
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. The supixyting element includes the frame 
and . binnade. The compass elements are 
girabaled in the binnacle by a Conventional 
.gimbahng system,, with ±60 degrees of freedom 
about the roll axis and ±40 degrees of freedom 
about the pitch axis. 

The meridian and slave gyros are similar in 
construction with the exception that the gravity 
reference is inverted in tht^^lave gyr6 which 
necessitates minor changes i1fe\yiring The two 

- gyro assemblies are mojig^c^l oi^^^e inner ring of. 
the phantom asseml|^aii|tie^4neri^ian gyro is on 
top, and the slave gyl«iiir%§ide^<J^fe^^^^ it 
F""" 3ro.;2%/l,*..ri,5:vSlt,'f3-phase, 
400-Hz squirrel-cage indfcn. irtotors. Viewed 
Irom the south, the md'rid-ian gyro rotates 
approximately 23,600 rpm clockwise, and 

viewed from the west, the slave gyro rotates at 

the same speed clockwise " 
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Figure 6-20.-TWO views of ma.ter fcompa,, .howing compas. element and supporting element. 
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The azimuth pliantom follows the azimuth 
motion of the meridian gyro, and 1- and 
36-speed heading data are transmitted by the 
azimuth servo and synchro assemblies mounted 
on the phantom assembly. The roll and pitch 
. phantom is stabilized in roll and pitch, and .2- 
and 36-speed roll and pitch data are transmitted 
by the roll and pitch servo and synchro 
assemblies mounted on the frame and binnacle. 

CONTROL CABINET 

Ji — The-^ontrol-Gabinet4fig--6-l-9^Gontains-the^ 
d.c. power supply, analog compujert, amplifiers, 
and other assemblies required for operating\^nd 
indicating the condition of the gyrocompass 
system. The cabinet is composed of the control 
panel, computer indicator paliel, computer 
control assembly, system control assembly, 
followup amplifiers, the d.c. power supply, and 
a voltage regulator. 

Control Panel , ^ 

The control panel, located at the top of the 
cOTitiQLcahine.t,.-Cpnt3ins all the switches, alarm * 
lamps, SrtcJ indicator fuses required for operating 
the sslii^jm Only, the ^controls' required for 
no^n^S^ ^ration of the system are accessible 
when the control cabinet is closed. These 
controls are on a recessed panel to avoid injury" 
to personnel, damage to the controls, or. 
accidental change of setting. 



Computer Indicator Panel 



Below the control panel, inside the cabinet, 
are seven computer as§eml^s Tor. computing 
data for the system. The coffl|)uter indicators ace^ 
viewed through seven ilu'^h windows in the front 
of the cabinet. Eaphi^of these assemblies are 
discussed later with'the control system in which, 
it is used. J' ^ 

Computer ^ontrol Assembly . 

To minimize the number of different kinds 
of amplifiers used in the system, two types of 
standard plug-in computer amplifiers are. used in 
13 apiplications; As the circuits in which* the 



amplifiers are used, vary, other < components 
peculiar to a single circuit must be used. For this 

^reason a T-shaped, panel, the computer control 
assembly, is located inside the control cabinet. 
This panel provides a junction box into which 
the amplifiers may be plugged and.serves as a 
chassis for the various components required to 
match the standard amplifiers to the particular 
circuits concerned. The^ computer control 
assembly houses eleven type 1 and two type 2 
general-purpose computer- j^mpUfiers and 
contains all the component^ required to operate 
the varioijis computer and torquer circuits, other 

"Than "Iho^e^'coiHail^ 

, assemblies or in the master compass. 

System Control , Assembly , 

■ . . , ' 
The system control assembly is mounted at 
the top of the rear section of the control cabinet 
and includes switches, relays time delay ^circuits, 
and auxiliary devices for . cycling ;the ' events 
automatically, as requiretl. for starting and 
operating the conipa,§s system. These 
components operate in cohjun<ition with -. the 
switches, indicators, and relays on the control 
panel j-^nd-elseAvhere^:in^the--systemr^l^ 
starting and,control functions:' 

Followup Amplifiers' 

^^<^nted below the system control assembly 
' the Toll, pitch, and azimuth followup 
^ amplifiers. The three followup amplifiers are 
identical and'interchangeable. 

D.C. Power Supply 

Below the followup amplifiers is. the d.c. 
power supply unit containing the power supply 
components (metallic rectifiers, filters and so 
forth), a . monitoring meter, and associated, 
selector switch. The unit ^ operates from the 
115-volt, 400-Hz, 3-phase supply and furnishes 
all d.c. voltages required to operate the various 
amplifiers and relays in the system. • J 

Voltage Regulator 

Since a supply voltage fluctuation as low as 
2 voUs can cause compass errors, a voltage 
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regulator was developed for the Mk 19 system/ 
This regulator is installed in the bottom of the 
control cabinet and provides an output of 1 15 
volts, 400-Hz regulated to within ±0.75 volt for 
an input of I 15 volts ±7 volts. - 

An alarm indicator lamp indicates servo 
unbalance, tube heater failure, and excessive / 
input voltage. v 

COMPASS FAILURE ANNUNCIATOR 



The compass failure' annunciator (fig. 6-19) 
is a^ rem ote visual indicator. Associated with the 
annunciator is usually a ^avy standard tyWe 
alarm bell. The alarm bell and annunciator a7e. 
actuated by the alarm control /system to gife 
both a visual and audible indication of systj^ 
failure. 



STANDBY SUPPLY 

The Sperry Mk 19 Mod 3 and 3 A standby 
power supply (fig. 6-19) is a motor-generatorset 
which provides emergency power to the coWpass 
system for a short time when the ship's power 
supply fails. Under normal operation the a.c. 
section operqtp as a US-volt, 400-'AIz, 3-phase 
synchronous ^^)5<iotor, to drive ' a" 120-volt 
compound-wound d.c. generator, which charges 
a bank of . twenty 6-v0lt storage batteries. If the 
ship's 400-Hz supply fails or falls belOjw^ 102 
volts, the ship's line is disco^cctcd 
automiitically and the 120-volt d.c. gen^fctoi is 
driven as a motor by ^e stwage^J?a^prM-T!ie 
a.c. section now pperates as a .l; 

- 3-phase generatj^r supplying the. 

The sta^idby supply for th?',, , 

Mod 3B and 3C gyrocompass is a stati?iinit (not 
shown) with no moving parts other than relays.' 
Transistors and magnetic amplifiers make the 

..unit adaptable for providing llS-voU, 3-phase(^ 
400-Hz power to the gyro system from either*^ 
the ship's 115-volt, 3-phase, 400-Hz supply or 

. from a 120-volt battery supply. 




systems-the meridian gyro Control system, slave 
gyro control system, the azimuth followup 
system, and the' roll and pitch followup system. ^ 

MERIDIAN GYRO 

CONTROL SYSTEM : 

The meridian gyro control^system which 
makes the Mk 19 north seeking and indicating 
includes^ the gravity reference system, the 
. azimuth control system, and the leveling control 
system. . ^ , " 

Meridian Gyro Grafvity 
Reference System 

*' ^ 

^ ^ The gravity reference system (fig. df-21A) 
consists of the meridian gyro gravity reference 
(the electrolytic bubble level and excitation 
transformer), the north-south acceleration 
computer, a mixer and its associated network. - 
• The electrolytic bubble level is mounted on 
the meridian gyro vertical ring so "that it i^ 
parallel ; to the gyro axle. Its operation was 
explained earlier in this chapter. When the level/ 
is tilted, from the horizontal, ari output signal 
voltage proportional .in magnitude to the 
amount of tilt will be .produced and the pha^ or 
instantaneous, polarity of tlfe voltage .will t)e , 
dependent on^the direction of tilt. 

The tilt signal^ froni^ the electrolytic bubble- 
level is fed into the mixer (fig. 6-21 A) which 
contains a stepup transformer and a cat/iode 
follower. The tilt signal is mixed with the 
north-south acceleration signal (a conipensation 
signal . to be discussed later), ' and the 
comperisated tilt signal is fed into a network of 
resistors, potentiometers, and ^ relay contacts, 
the neiwork has three out{?ut 'signals: the 
meridian control signal to the azimuth control 
system, the damping signal to the leveling 
control system, and the compensated tilt signal 
to the meridian gyro constant torque 
compensation system. 
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GYROCOMPASS CONTROLS 

All controls for the Mk 19 gyrocompass 
system (fig. 6-21) are contained in four major 



MeridLm Gyro Azimuth . " - 

Coatrol System 

The azimuth control system (fig. ^6-2 IB) 
consists of a mixer, an azimuth torquer 
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Figure 6-21 . -Block diagram of compass control system, of the Mk 19 gyrocompass. 
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aiiiplificr. and two a/iniiitli torquers. Tlie mixer 
contains a stcpup transrornier. potentiometers 
and . resistors. The azimiitli torquer aaiplifier is a 
general-purpose type I epniputer aniplirier, 
whieli contains two doiible-pUrf)ose triodes. Tlie 
input stage uses one-lialf of one tube; The other 
luiir is used j;i tlit^ compass alarm circuit. Tlie 
output stage uses botli Iialves of its tube in a 
pusli-pull circuit, Tlie njixer input signals are the 
meridian control signal from the gravity 
reference system, an east-west speed signal, a 
constant torque signal, and a vertical: earth -rate 
^^.^ "sation^ si gnal' ■ " The a z i n i u 1 1 1_ , to rq ii e r_ 
amplitrer output is fed to the control fields df 
the two azimuth torquers which apply torque 
abo.tit the horizontal axis to precess the meridian , 
gyro toward the nieridian. 

The azimuth torquers are ffvc output 
elements ot the azimuth control , system .which 
actually produce the torques applied tc«r the 
gyro. The. torquers. .are located opposite each 
other ' on thp- cradle (fig, 6-18) and are- 
electricalty^connected to act together to produce 
the torque, * 

Each torquer (fig. 6-22) consi.sts of an 
open-li mck strugt^re ol- s^oft-iroir laniiTOtio 
upon which are wotind a control field (2 outer 
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* . ?7.341 
Figure 6-22.-Azimuth torquers simplified schematic 
* diagram. 



legs) and a reference field (center leg) displaced 
90° to lt)rm a 2-phase induction motor field. 
These coils are excited from the output of the. 
azimuth control amplifier and the 400-Hz 
supply. 

The output voltage of the amplifier and the 
reference Tield voltage arc 90 electrical degrees 

, out-of-phase. When the torquer windings are 
energized, a moving field is set up in the'air gap. 
This field cuts tlie vertical ring and induces 
currents in it. This action develops a torque that 
tends to drag the ver;tical ring along with the - 

r jnoyiiiglieJd. : : - 

The magnitude of the torque is proportional 

. to the signal fed to' the control winding (output 
of the amplifier). The direction of the torque 
depefids on the phasing of the control-field - 
voltage which rpay lead or lag the fixed-field 
voltage by 90 electrical degrees. - ^ „ 

Metidkin GyVo Leveling 

Control SystcFTi ' " \ 

The meridian gyro leveling control system ,v ' 
(fig. 6-21Cr consists of a mixer Cstepup 
' -transfornier. " pOten (iomefc f. and ■7eslstbrs) the' " 
leveling control ampWer (another type 1 
computer anipliHer), Trnd the leveling torquer. 
The input signals to the mixer are the dam'ping. 
signal from the gravity reference system and the 
north-south .speed plus the drift compensation . 
signal. The anifMifier output supplies the leveling 
torciuer control field, which produces the torque 
to level the meridian gyro. ' ' 

SLAVE GYRO 
CONTROL SYSTEM , 

The .slave gyro control system (fig. 6-21 D) 
consists of the slave gyro ''gravity reference 
system, leveling control sysffin, and slaving 
control system. ^ ' 



Slave Gyro. Gravity 
Reference System 

The slave gyro gravity reference system (fig. 
6-2 I D) is similar to the meridian gyro gravity 
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reference system, II consists^ of a gravity 
reference, a mixer and its, network, and tjie 
east-west accele/ation computer. The output of 
the system is tlie slave gyro anipHfied and 
compensated tilt signal, which is ted to the slave 
gyro constant torque compensation .system (fig. 
6-211*) and the slave gyro leveling cont.rol 
system (fig. 6-2 IT), * 



Slave Gyro Leveling 
Control Svstem 



'out^nit of .,'tlie slavinti torquer amplifier is thi4 . 
slaving control signal, and it is fed to the slaving/-, 
torcjiier control fields, : 

The slaving torquers are duplicate's of the-, 
a/inuith tor(|Liers. and operate in tiie- sijisptgl.; 
V manner. They i)roduce the torciuc al>6ut that^' 
• slave- gyro horizontal *axis. which causes 
- precession about tlie vertical axis, to realign llie 
slave gyro with the a/iniulh pliantofn. * 

CO\n>ENSATION SIGNALS 



ipLlt ■ 

-f 



The slave gyro levehng eontrol sysleni (tig. 
6-2 IF) consists of a mixer, a leveling torcjuer 
amplifier, and a^jleveling torcjuer. The inpLi_t^ 
signals to the mixer are the compensated 
signal from the slave gyro gravity refereii 
system, horizontal earth rate from Jlie latitu^ 
computer, east-west s[)ec'U ^ from ' the speed' ' 
component computer, and constant torcjue 
compensation signals from the > slave gyro 
constant torque compensation unit. The leveling 
torquer amplifier and leveling lortjuer are 
duplicates of those used in meridian izyro 
leveling control, system. The output of the 
leveling torcjuer amplifier to the leveling torquer 
control field is tiie slave gyro leveling. control 
signal. 



Slave Gyro Slaving 
Control System 



■4: 



The slaving control system ■( fig. 6-2 1 Ci) 
detects any misaFignment between the, azimuth 
phantom and the slave gyro, and slaves-,the gyro 
to its proper east-west position. The system 
consists ot; the slaving pickolT, slaving signal 
ampliner, slaving torquer amplifier and two 
slaving torcjuers. The slaving picket f is an H-core 
transformer mounted on the vertical ring. The 
armature of the pickotT is cemented to the 
gyrosphere. Thus, a misalignment signal between 
the azimuth phantom"" and the slave gyro is 
obtained from the pickoff. This signal is fed into 
the slaving signal amplifier which contains a 
stepup transformer and cathode tbilower. The 
output of the slaving signal amplifier is the 
slaving signal, and it is fed to the slaving torcpier 
amplirier, a type I computer ampliiier. The 



~ ~Tire~conf|x7nsi^'ioT.T sTgTials~'"iri rlTe Mk l'^^"" 
gyrocompass sysleni serve to coiniteract or 
■.compen^ite , tor eertain effects that would 
otherwise produce azinuitli or leveling errors in 
tiSe master, -conipiiss. - ' " ^' 

Jlie elTecfs may be classified :rs ship effects, 
wliic^i mclude speed, course, and aeeeleration 
earth 'ctTects,' which include lio^^)ntal and 
vertical earth rate; and constant torciue' effects, 
which iiiay be eaiised by mechanical imbalance 
of the nic^^ster. conipass; or any other mechanical 
defects pttt ' Wcduld. cause the compass to settle 
witir 'a_tilt. - . . 

- - -NortlVeriy QT soutlierly^sj^ip speed produces a 

gytoe'ompass error due to gyro tilt as the ship 
tblloAvs the curvature of the earth. The rate of 
this, gyro tilt is proportional 'to the produet of 
ship's . spiked (S), and the cosine of own ship's 
course (C). Masterly fipeed, hovvcVer', produces an 
error equal to the product of ship's speed (S), 
and the sirie of own shfp's course (C). I-'asterly 
or westerly speed does not -cause the meridian 
gyro to tilt, ilowever, as the slave gyrft is aligned 
east-west, it is atTected by easterly or westerly 
speed in the same manner that northerly or 
southerly speed affects the -meridian gyro. The 
Mk .19 compass is comperisated for speed errors 
by applying^a compensatic^n signal ecjual to S cos 
C to the meridian gyro leveling control system 
and a signal\x|ual to S sine C to the slave gyro 
leveling control system. Thus, both gyros are 
maintained in a level nosition fdr any speed or 
course. These signals are obtained from the 
own-ship speed repeater and speed component 
ct)mputer shown in ^the block diagram (fig, 
6-2111): ' . 

As the ship's heading and course niay ditter 
due to north-south dritt, tlie north-^outh speed 
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1 signal is , ^compensated for drifj by i\ ntanual 
i corrector IcKatcJ on the front of the control 
I ■ cabinet. This drift setting is niaUc^by the 
f ' conipass operator after he obtains the necessary 
' . inJormati()n from the ship's nif^igator/'v/ 

II the ship accelerates in speed, the inertia. 
^vill displace the electrolyte in the electrolytic 
i Kubble level. Deceleration' will, cause . a 

i ; displacement in the opposite direction. As a 
result, tilt signals will be produced even tlioligli 
theiv is' no gyro tilt,, and eoa?pass errors -will 
result if not conipens:i'CL\l for. * 

^Vcccluration compensation is obtained for 
the iheridian gyro by The north-south 
acceleration computer, and for the slave gyro by 
the east-west ac celery t ion computer. 

I he effect of -vertical earth rate on the 
meridiem gyro is proportional to the product of 
i earth rate, at the ecjuator and the siijc of the 
ship's latitude. The effect of horizontal earth 
rate on the slave gyro is proportional to the 
product of the earth rate at ^he equator and the 
cosine.of the ship's latitude. Since the effect of 
vertical earth rate is caused by the speed of the 
" eartirs rotation about its north-south axis, a ship 
traveling in an easterly or'vvesterly direction will 
i either add to or subtract' from the earth's 
rotation. This apparent change ip the speed of 
. the earth's rotation wilL in effect, produce a 
. comparable change in vertaRtj^'^feh rate. This 
criange. which is the ^^cv\^Sj^aU^^ east-west 
speed error, is proportion^iyTQ^?:^^^ product of 



the ship's east-west speed^dtKj^^^Jtf^^* tangent of the 
ship's hHitudc. ^ 

To co?|npcnsate 'for these effects on 'the 
meridian gyru. we need a conipensating signal 
voltage i^rojHUtional-to the [uoduct of earth rate 
at the ecpiator a*ad the "sine of the ship's latitude, 
plus a compensating signal voltage proportional 
to the product of east-west speed and the 
tangent of the ship'*; latitude. 

T^) comjKMisate the slave gyro for the effect 
of horizontal earth rate, we need a compensating 
signal - voltage/- pro|n)rtionar to the product of 
earth rate and the cosine of the ship's latitude. 
These comj^i/iisating signals are obtained from 
the latitude aiid tangenWatitudc computers (fig 
6-2 Ml). 

Because of wear it is nqt possible to keep the 
gyros perfectly balanced at all times. Therefore; 
a constant torcpie compensation system is 
provided for both meridian and slave gyros. 



If the average signal frqm the eiectfolytic 
bubble level, or accelerohieter. is not zero (such 
as caujed by mechanical unbalance of the 
cbmpassj. the constant torque compensation 
system will produce an output sighal voltage of 
opposite phase to (and thus tend to cancel) the 
tilt signal caused by the unbaJance. 



AZIMUTH FOLLOWUP SYSTEM-^; 



Tlie azimlitli Tollowup system functions to 
"'^^ rse^lnHire-pre vi ons paragr apri 

we ffS^shown how the meridian gyro control 
system and the slave i-yro " control system, 
function to maiiMin ihu meridian gyro north 
and so^rth. 

When the ship changes ccmrse or the gyro is 
settling out. the .azimuth follo^up system (fig. 
6-23) detects the^ misalignment between the 
vertical ring and gyrosphere and drives the 
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Figurp 6-23.-Simplified diagram of azimuth followup, 
system. 
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.azimuth phantom (aiul tlKTcforc Mlic vertical 
ring) back into alignment witli tlic gyrosplicrc. 
An azliiiutli pickotT, consistiiig of an F-corc 

"transformer mounted on tli'e vertical ring and an 
armature cemented to the gyrospli^re, furnishes 
the misiil^gnmeyt signa4 to the followiip 
amplifier \in tlje conventional manner, The 
fo.lfowup niotor. driven by the,a/.inuith fc^illowup' 
qmpjitler output', drives the a/inuith pliiintoni. 
restorinig the azimuth pickoff to its /neutral 
position anci positioning, through gearing, the 1- 
and 36-speAl hea-ding data synchro transmitters. 
The foUowiup motor, also positions the rotor of 
the roll'pTtch resolver (jiot shown in figure 6-23) 
to a position corresponding to the v s4iip's, 
heading. \ 

The azimuth followup arnplifier consists of a 
preamplifier stage, a demodulator stage with 
displacement and, rate signal networks, and a 
magnetic amplifier output stage. Associated with 
the amplifier are '^two alarm circuits which, 
actuate the conyxiss alarm in case-of excessive 
pickoff signal or preamplifier tube faihir^. 

ROLLyAND PITCH * 
FOLLOWUP SYSTEM* . 

Tlie roll and pitch followup system (fig. 
6-24) detects and eliminates any n.iisalignment 
between the roll-[iitch phantom and the level 
position maintained hy t.lie two gyros. It also 
positions the roll and pitch synch.ro data 
transmitters. The system consists of two I.-corc 
pickoffs. two Ibllowup amplifiers, and two 
followup motors, ^all "duplicates of tiie 
corresponding components in the' azinuith 
followup* system. In addition, the system 
includes a roll-pitch resolver. 

The meridian gyro roll-pitch pickofi" is 
mounted on the meridian gyro cradle and 
detects any misalignment 'between the cradle 
and the meridian gyro's vertical- ring. This 
misalignment is nbout the meridian "gyro's 
east-west hoiiain-lal axis. '^I'he roll-jiitch 
phantoni. physically linked to tliL^ a/imuth 
phantom, will be idenffcally misaligned with the 
vertical rings of both gyros, 

The ^lave gyro roll-pitvh pickoff is mounted 
on the slave gyro cradle ^ and- detects any 



misalignment" between the cradle and the slave 
■ gyro's VL'rtical nn<2. This riiisaligninent is about ^ 

the slave gyro's north-south ^'horizontal axis. 

Thus, a^iy misalignment between the roll-pitch 
' phantom aiid the vertical, ring of- either gyro 

• *|Troduces a r(;>il-pitch pickoff signal. 

A , pitch followup motor is ntt)imted on the 
^ ginihal ring and" meslK;s' wi'th the pitch gear on 
- the roll-pitch phantom. It positions tlK\ 
roll-pitch phantom about the pitch axis. A roll 
' followup mo^or is mounted on $hc support 
assembly and mcsheil with*. the roll gear on the' • 
gimbal ' r i n g . It p ositions' j^ he jol h^|Udj_| a ulojii 

• \ibou.t.>J<CT:C)ll a^Cis. throiTyi the uimhal rinu. 

On the north'-south course, tjie pickoff signal 
I'rom the meriditi^i gyro roll-pitch piCKoff, if fed 
through the pitch followup amplifier to tbc " 

jiitch Jbllov^up motor, will compensate for the. 
effect, of pitch. Siniilarly .' il' the pickqff signal^ 
from the slave gyro roll-pitch pickoff were fed 
through the roll followup amplifier to the rojl 
followup motor, it will compensate for the 
effect of roll. ' 

On an cast- west course, however, the 
mcdrfiai) ^^yro roll-pitch pickoff would have to 

..;iy(3,,fL\l*to,t'he roll followup amplifier and molor, 
^-•|fo compensate for- roll, and .the slave gyro 
>^_^rcHl-pitch 'jMCkofl' would have to be fed to the • 

^^tch followup ampUl'ier and motoV - to 

'■'ciSnipensate for pitch. It follows, thcrfore.* that 
on any intermediate ' course, the roll-pitch 
motions of thV ship will have components acting 
about both noVth-soiitb and east-west axes, and 
both roll-pitch pickoffs- will react* fo hoth roll 
and pitch. As a result, the two pickoff signals 
must be divided into proper proportions to each - 
followup amplifier and motor to maintain the 
horizontal stability of the roll-pitch phantom. 
The ow\i ship's course, determines these proper 
proportions, and they are obtained from the 
roll-pitch resolver. ,\ 

The roll-pitch resolver has its rotor 
positioned corresponding to own ship's course 
by the azimuth . followup .system, as mentioned 
previously. The meridian gyro roll-pitch pickoff 
signal is fed to one resolver r6tor winding, and 
the slave gyro rolbimch pickoff signal is J'ed to 
the" other rotor windutg. The resolver resglves its 
own ship's course and roll-pitch pickoff input 
signals ttntD outpi'lt signals of proper prop'orlions. 
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Figure 6-24, -Simplified diagram of roll and pitcfi followup system. 



to the rollowiip aniplifiovs. The followui^ motors 
position the roll-pjtcli pliaiitoni until the 
pickofts are restored to their neutral j^ositioii 
•and, at the same time, they position 2-^ aifd 
36-speed roll iind piteh syneh.ro data 
transniitters. 



ALARM SYSTEM 

/ An alarm sys^em• is incorjnirated in the Mk 
19 gyrocompass system to the Ox-tent that each 
loop in the system will give multiple alarm 
"warnings when a troidMe develops in that loop. 
In addition, as trouble may also develoj) in the 
alarm eireuits. the eireiiits are so arranged to givey 
alarm warnings when 'they themselves become 
detective. Normal tube current is used in each 
alarm circuit to . energi/.e an alarm rela\ . 
Theret'ore. if trouble develops within a circuit to 
R'duce tube current, the relay will deenergi/.e 
and actuate the alarm, 

i 

STARTING CONTROL SYSTEMS 

To aid in starting and operating the master 
compass. ' two " auxiliary control systems are 
provided: the starting system and the fast 
settling system, 

During starting, the starting systeni levels the 
gyros and bring^s the meridian gyro to ^he 
meridian in as short a time as possible with a 
minimiun number of manual operations required 
of the compass operator. The :>ystem inclCtdes a 
fast erect system, ih^; system control assembb . 
and part of the control panel. 

When the compass is to be started, the 
roll-pitch phantom will be otT its level positi<p^n. 
The fast erect system ■ greatly reduces the time 
required to bring the roll-pitch phantom (and 
therefore the gyros as they -are caged to their, 
vertical rings and the a/.imuth phantom during 
parting) to a level position. This system utilizes 
a small stabilizer, or start gyro, moimted in the 
gimbal, which when started, conies very ciuickly 
to a vertical position, providing a fairly accurate 
level reference for the roll-pitch phantom. 

The fast-settling system rednccj^.tlic com|')ass 
period and increases the. percent of damping 

. « 



during starting, which reduces the tinie re(i,nireLl 
lor the gyros to assume a true level [Hisition anil 
for the meridiai^ gyro to settle on llie 1 rue 
meridian. 

GYROCOMPASS RECORDS AND LOGS 

A ( lyr>) • Service Record Book is jMovided 
with each g\'rocom|)ass. The hook stays with its 
gyrocomi^ass and is- a record of. the coh^jxiss 
from its construction through its entire lite 
cycle. The book contains acceptance, test, and 
installation data, as well as overhaul. rcjKiir. and 
insjK'ctions conducted b\' cdf-ship activities. Iiv 
the event a conipass is to be removed trom a 
shiji. the ai^iuojiriate entries are; maile in its 
(iyri^ Service. Record Boo.k. and the book is 
transferred with the g\'rocomjxiss> * . 

Maintaining the (i\'ro Service Record Book 
is rcLiuired by NAVS1;A Systems C\mimand. 
Instructions, procedures in case of its loss. etc. 
are found in the front of the Cato Service 
Record Book and in Naval Ship's iLvhiiical 
Manual chapter *^)240. I'wo pages are shown in 
figure 0-25. Hie page ' entitled 'Miispeetion . 
overhaul, and repair" is completed a ifd signed by 
the gyro electrician who completes the repair. In 
the event ''unfavorable conditions are fcnmd 
during an insjiection by an off-ship facilil\ . a. 
.rcjiort must be made to the Commanding o 
Planned maintenance i;ompleted by chip's Wjicc 
personnel is recorded by nornial PMS reporting 
procedures and is not recorded in this book. 
However, a faidt found dLi.ring PMS. and then 
repaired will be entered in the (iyro Service 
Record Boc^k. as well as reported through 
MDC^S. 

U.S. Navy Regulations and OPNAVINST 
3120.32 assign resj^onsibility for. the, care and 
maintenance of the gyrocompass eciuijuiienl (o 
The l-ngineer Officer and Idectrical Orfieer, The 
CTyroconij^ass Service Record book has items to 
be completed by the navigator. However, these 
are normally completed by either the Hngineer 
Officer or delegated to the Hlectrical Officer- 
who may also be designated as the gyrc3 officer. 

lb 

Some ships and type commands recpiire that 
additional. loCally prcjxired logs, records, etc. be 
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INSPECTION, OVERIIAUU AND REPAIR 

Wl^enever inspections, overhauls, or rcpaira are made, the follpwing infer- 
matioif shall be entered btiow: 

1. Dativ 

2. Results of the inspecti.Mi 

3. He:ison for the overh,; ; repair. 

4. Description of the wurk tk^ni;, 

5. Data and recommendations for future reference. 

6. Repair activity, 
■7. Sigj^ature, 



.\ 



l«-IIIQH 



DATA TO BE ENTERED BY NAVIGATOR 

Name of gyro electrician 

Rat« . 



, years . 



Experience ... 

Mirk on scale of 4 

Assigned compass duty (date) 

Relieved from compos duty (date) -. 

Clause , 

BEMAbKS BT NAVIGATOR 



. monthfl, 



DATA TO BE ENTERED BY NAVIGATOR 
Name of gyro electrician 



Experience ycjrs 

Mark on scale of 4 

Assigned compass duty (date) ..^ 

Relieved from compass duty (date) 

C^m 

' REMARKS BT NAVIGATOR 



.montha. ' 



4 

Figure 6-25.-Gyrocompas$ service record book page. 



N, OVERHAUL, AND REPAIR 

HrhauIS) or repairs are made, the following infor- 



il or repair, 
k done. 

Sons for future reference. 

I 



yL>ar3 niontha. 



• T V TO BE ENTERED BY NAVIGATOR 

Name of gyr- run .... -- 

I^ate - * 

Experience .. 

Mark on scale of 4 

Assigned compass duty (date) ... 

Relieved from compass duty (date) 

Cause - 

RliMARKS BT NAVIGATOR 



DATA TO BE ENTERED BY NAVIGATOR 



Name of gryro electrician 



■ yc 



ars montha. 



Rate :-i - 

Experience -- 

lyfark on scale of 4 — 

Assigned compass duty (date) - --- 

Relieved from compass duty (date) 

Cause - 

REMARKS BT NAVIGATOR 



140.141 



Figure 6-25.— Gyrocpmpass service record book, page. 
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maintained. If required, these recotds should be 
maintained completely and accurately and 
checked routinely by supervisory personnel: A 
rpajor problem With all records' is that, when 
neglected or when entries are omitted tor any 
/reason, they give a Talse record of reliability. 
Therefore, all records including MDCS 
documentation must be checked to ensure that 
they are dated, complete, and accurate. 

Although not maintained by the electrical 
division personnel, the Magnetic Compass 
Record Book (NAVSHIPS 1101) can be used to 
get data on the accuracy of v the ships 
gyrocompass system. This is a legal record 
required by Navy Regulations and OPNAVINST 
3120.32 and is maintained by the 
Quartermasters under the supervision of the 
Navigator. 4t contains a record of errors between 
the forward and after gyrocompasses, steering 
repeater, and the magnetic compass; entries are 
made every half hour while the ship is 
underway. . 



MAINTENANCE AND REPAIR 

The gyrocompasses presently in use will give 
little trouble if they are properly maintained and 
if operator/repair personnel are properly trained, 
motivated, and supervised. 

All persons associated with the gyi^ocompass 
installation should complete the applicable 
portions of the Personnel Qualification 
Standards/ for that particular type of 
gyrocompass system. H correctly used, the PQS 
will ensure that personnel assigned to the 
operation, maintenance, and watchstanding 
duties have the knowledge necessary to 
adequately perform these "duties. Supervision 
will ensure that personnel are carrying out these 
duties in the prescribed manner. 

Corrective maintenance must be performed 
by knowledgeable personnel who follow the 
manufacturer's manual". Formal training on a 
particular ^^gyrocompass system, although 
desirable, is not a necessity. The gyro electrician 
must, h'owever, be throughly familiar with the 
manufacti'irer's manual and the installed system.. 
It should be stressed that the manufacturer's 



manual is the ultimate aid in all phases of 
training and repair. It contains sections devoted 
to the localization and isolation of -malfunctions, 
therefore all work must be conducted hy 
persons familiar with these procedures. The 
manufacturer's manual not^ only indicates 
procedures that should be followed, but also- 
warns of what aannot be, done, without causing 
further damage to the system. An improperly 
trained or careless repairman who is unfamiliar 
with, or is not following, the manufacturer's 
manual can easily cause additional pro'blems. 
For example, the movement of a weight on a 
mechanical gyro or the turning of the wrong 
potentiometer in an electronic gyrocompass 
system can change a period or dampening setting 
which will require recalibration of the 
gyrocompass system at a 'shore based repair 
facility. . ^ 

All corrective maintenance and inspections 
conducted by outside activities must be 
recorded in the Gyro Service Record Book and 
through MDCS documentation .to provide 
accurate indications of reliability, . cost, and 
repair man-hours. The PQS, PMS, and MDCS 
programs standardize training, documentation, 
and preventive and corrective n^aintenance. 
These programs, if properly implemented and 
supervised, will ensure the most effective and 
reliable operation of the gyrocompass system. If 
these programs are administered in a haphazard 
manner, equipment operation will deteriorate, 
although ship's record indicate reliable operation 
with a minimum of corrective maintenance time. 



OPERATION 

Because of its importance -to the ship's 
safety during underway periods and in, the 
operation and maintenance pf weapons systems, 
set gyrocompass operating procedures should be 
prescribed for starting, operating, and securing 
the gyrocompass system. This chapter indicates 
basic requirements. Type and local commands 
will have variations of these procedures and they , 
should be followed, for your particular ship and* 
conditions. 

When the gyrocompass is started for any 
r^son, an entry should be made in the 
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Engineering Log. When the gyrocompass is 
started prior tq, getting underway, the station 
keeping the Preparation for Getting Underway 
Check-off List (usually the Quarterdeck) must 
also be notified. Prior to getting underway, 
usually when the Special Sea and Anchor Detail 
Ms set, entries should be made in both the 
Engineering Log and the Quartermasters 
Notebook, indicating which gyrocompass is the 
master (on line). While underway, the master 
will be changed only in the event of a casualty 
or with prior approval. The OOD must be kept 
fully informed of all of these changes. In the 
event of a casualty, the Bridge must be notified 
immediately, and'the engineering officerxjf the 
watch should be notified as soon as possible; 



both will be informed of the nature of the 
casualty which necessitated the change. 

When the ship enters port, the gyrocompass 
systems should be secured only after permission 
has been obtained from the Navigator and the! 
• Commanding Officer, via the Engineering ' 
Officer. Although not required for ship's safety, 
it may be advantageous to find \out what 
requirements the Weapons Department has fQ)C . 
the in port period, as many of their preventive' 
maintenance procedures require gyro inputs. 
Mutual cobrdination and cooperation with other 
divisions which may require gyrocompass inputs 
while inport, will aid in the most efficient use of 
the system and also, keep operating hours at a 
minimum while still providing required services. 
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CHAPTER 7 J, V 

NO BREAK POWER SUPPLIES AND STATIC INVERTERS 



As the Navy expands into the comparatively 
niew field of solid^'state technology, so dogs the 
work of an Electrician's Mate. This chapter will 
discuss the operaj^on and maintenance of no 
break power supplies and static inverters. 
-j^i:$^nnel lacking^ a thorough understanding of 
VsoTid state circuitry, components, or terms 
should review Basic Electronics, NAVEDTRA 
.10087 (Revised). 

A no break powex supply is designed to 
provide uninterrupted electrical power to loads 
"by automatic tal^eover of the power supply 
should the normal supply fail or momentarily , 
deteriorate beyond the demands of the system. 
No break powei: supplies are provided for^ 
communication systems, computers; 
navigational equipment, and related equipment 
where even *a momentary loss of power would 
cause a permanent loss of information resulting 
in the nfeed to recycle or reprogram the^ 
equipment, Since equipment requiring no break 
power normally requires closely regulated 
power, no breaR power supplies are designed to 
provide not only uninterrupted power, but also 
to i^rovide power that is regulated to meet the 
needs of the equipment it serves. 



COMPONENTS 

The*" no break uninterrupted power supply 
system consists of two major assemblies plus the 
storage batteries. The control cabinet and 
motor-generated set is illustrated in figure 7- K 

The control cabinet contains all the control 
and monitoring equipment. The motor-generator 
is a single-shaft unit. Either section of the 
motor-generator can perform as the motor with 



the other -as the generator. This pertnits two , 
operational modes; NORMAL and STOP GAP. 

NORMAL operation uses the normal supply - 
(ship's generators) with the motor-generator 
driven by. the a.c. motor from the ship's supply 
wliile the d.c. generator is charging batteries. 

In STOP GAP operation the motor-generator 
is driven by the d.c. motor with power from the 
batteries. Under this condition the a.c. generator 
provides the critical load requirements.. 



OPERATION 

, Normal ship's power, as shown in figure 7-2, 
is applied to the voltage and frequency 
monitors. If the monitors sense that the normal 
power, is within the frequency arid voltage limits 
required, relay action (rday #l)^ill allow the 
nornial power to be applied to t^e load and 
other circuitry. ^It should be noted that the 
relay numbers jri-'figUre 7-2 refer to relay action 
sequence rathier fhanjelay designations.) Power 
is applied to - the relay control power circuit 
from the batteVyi. 

When the system -is turned on, the. 
motor-ge nerator will accelerate to 
a'^pproximately synchronous speed'as an 
induction motor before a time delay relay is 
energized. When the delay energizes (relay #2) it 
applies normal power to the a.c. field rectifier 
via the ax. voltage regulator for application to 
the a.c, motor as^ field excitation to allo;w 
synchronous motor operation. At the same time 
the d.c. generator is rerouted to the d.c. supply 
(relay #3) to. prevent starting the 
^motOTTgenerator set on d.c. and to charge the 
batteries. The system is now operating in 
NORMAL mode. 



Figure 7-1 



If the normal, supp^ falls ou 
either voltage or frequency, 
monitor will sense it,' and relay a 
will shut down the motor-gener; 
same time the d.c. gerier 
disconnected from the d.c field 
connected directly to the batter 
#5). The d^c. motor speed regijla 
generator voltage regulator are € 
#6 and #7) to maintain the i 
speed and to control the lda< 
system is now in the STOP GAP r 



ELECTRICIAN'S MATE 1 & C 




lo break uninterruptad power supptysystem components. 



lfl.142 



t of its limits in 
the respective 
:tion (relay #4) 
itor set. At the 
ator field is 
'ectifier #2 and 
y supply (relay 
tor and the a.c. 
nergized (relay' 
equired motor 
I voltage. The 
node. 



If the reason for switching modes had been a 
voltage drop, the voltage would not have 
dropped below 317 volts and the transition 
would have been accomplished within one 
second. In the case of a frequency drop, the 
change is made within two seconds and the 
frequency 4,oes not drop below 54 Hz. 

When the .ship's power returns to the 
specified limits (dfscussed latoer), the 
synchronizer will have the normal power at one 
side and the ax. generator power at the other. It 
will automatically adjust the s'peed regulator to 
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Figure 7-'2.— No break uninterrupted ^wer supply system block diagram. 
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match the generator frequency to the normal 
power. The matching is accomplished in less' 
than o'he minute arid the system is transferred 
back to a.c. motor drive and battery charge 
(NORMAL mode). . 

MONITOR CIRCUITS 

The frequency and voltage monitoring 
circuits are designed to switch the set from 
NORMAL to STOP GAP when the input 
frequency drops below 56 Hz or the input, 
voltage falls below an adjustable limit.(330' to 
380 volts), ' - ^ 

The voltage monitor circuitry is basically the 
same as the voltage sensing and error voltage 
detector circuit of the voltage regulator and thc; 



frequency monitor is basically the same as the 
frequency, discriminator, and en'or voltage 
detector circuits. These circuits will be discussed 
later in ^this chapter. The big difference in the 
circuits i^ the. output application. The output of 
the monitors is used for relay switching, whereas 
the output of the ottier circuits is for regulation 
of either voltage or frequency. • 

VOLTAGE^REGULATOR 

— - ■ , •■- ^ 

Tlie function of the voltage regulator is to 
maintain the output voltage at the preset value 
(±27c) regardless of temp^^raturc or load 
vacations; The. basic circuitry for both the a.c. 
and d.c. regulators is similar except that the d.c. 
regulator does not use the six-phas^ rectifiers in ; 
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the sensing circuit. Constant generator voltage 
output is obtained by having the regulating 
circuit change tl^e voltage feed in response to an 
error signal. . ^- 

A differential amplifier . is used, in the error 
voltage detector circuit (fig. 7-3), to compare 
the generator output voltage, from the voltage 
sensing circuit, with a reference voltage, 
developed in the error voltage ddfitector circuit, 
to produce the. error signal. -XJ^c error signal, 
acting through the modulator, modifies the 
timing of the pulse repetition frequency of the 
unijunction, trigger circuits. The controlled 
pulses are fed to the respective field rectifier to 
control the average power to the generator field. 
Tlie rate circuit modifies the error signal *to 
stabilize the voUage regulator. ' ' . 



Voltage Sensing Circuit ' ^ 

The voltage sensing circuit (fi^. 7-4) ^teps 
down the three phase generator 450-v.a.c. 
output thru voltage sensing transformer Tl to 
25 v.a.c. Eatoi phase is rectified by diodes CRl 
thru CR6 and filtered by CI and C2. This d.c^ 
voltage is proportional to the generator output 
voltage. The d.c. voltage is applied to vqljtage " 
divider network thru R4 (R3 can be adjusted 
to de>veIop the amou,ht of voltage desired as -the 
representative generator output) for comparison 
to the reference voltage in the error voltage 
detector circuit. , 



Error Voltage Detector Circuit 

Transistors Ql and 92 . (fig. 74) form a 
differential amplifier to compare the base 
voltages of the two transistors. The signal f'rom , 
the voltage sensing circuit is applied to the base 
of Ql, whi[j2 the reference voltage is applied to 
the base of Q2. The reference voltage is applied 
via R8, which is a factory set and locked 
reference voltage adjustrnent; 

Resistor R9 is the voltage dropping resistor 
for CR7, and capacitor C3 reduces the ripple 
and noise voltages across CR7 to provide a clean 
d.c, reference voltage. Resistors R6 and R7 are 
load resistors for transistor Q2. , * 

Any difference bet\yeen the input voltage at 
the ba^e of Qj and the reference voltage at the 
base of Q2 will produce an error signal (a change 
in collector current). If the input voltage is 
higlier than the reference voltage, Ql conducts 
heavier than Q 2 and vice versa when the 
reference voltage isrhigher than the input. The 
voltage drop across R6 is the error voltage which 
is applied to the base of the modulator Q3. 

Modulator Circuits 

The modulator circuit (fig. 7-4) modifies the 
time constant of the RC circuit (C4, RIO, and 
the Q3 collector-emitter resistance). (The 
coliector-emitter resistance is controlled by the 
current through resistor R6.) An increase in, the 
error signal across R6 decreases the 
collector-emitter resistance of Q3 and thus^ 



GENERATOR 


VOLTAGE 




OUTPUT ^ 


SENSING 




VOLTAGE 


CIRCUIT 







RATE 






emeu IT 






.Q6 












ERROR VOLTAGE 


DETECTOR CIRCUIT 


/ 


9' 


-Q2 



MODULATOR 
03 



UNIJUNCTION 

TRIGGER 
^ Q4 



TRIGGER 
AMPLIFIER 
Q5 



AC OR DC 
►FIELD RECTIFIEF; 
(FIG. 7-2) 



ERROR 
SIGNAL 



CONTROLLED 
PULSES 



131 



iii;i44 



Figure 7-3.— Voltage regulator, block diagrarh. 
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Figure 7^-— Voltage regulator, simplified schematic; 



decreases the charge time of C4. If the error 
signal decreases, the charge thne of C4 is 
increased. 



Capacitor C4 discharges when the voltage 
across it is approximately 9 volts (the peak point 
voltage of unijunction transistor Q4). A 
synchronizing circuit (discussed la|ter) clamps C4 
to ground, thus delaying the RC time cycle. A* 
rate feedback signal is also applied by the rate 
circuit, to the collector of Q2. This signal 
modifies the error signal, thus stabilizing the 
voltage regulator. 
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The functio'n^df th^^rate circuit is to dampen 
the generator ou|^*ut voltage excursions about a 
set point. Otherv^he the high gain of the voltage 
regulator would cause the generator output 
voltage to hunt. The method used for damping 
the voltage excursion is feeding back an inverted 
signal (opposite to the error signal) proportional 
to the rate of voltage change. 

The rate circuit (fig. 7-4) consists of a 
common emitter amplifier (Q6, R19, and R20) 
and an integrating circuit (R16 and C8). Resistor 
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R17 is a discharge resistor for C8, and GR9 and 
.CR 10 are common rectifiers. ' 

Tlie input is supplied by the generator field 
rectifier (described later), integrated, and 
applied as forward base bias to Q6. Any change 
in the base is amplified arid passed by C9 to the 
collector of the error detector, Q2. As this signal 
is opposite the error signal, it will decrease 
cojiduction and stabilize the circuit. 



Unijunction Trigger Circuit 

The trigger, function is performed by the' 
unijunction trigger circuit (fig. 7-4), Unijunction 
transistor Q4 is a relaxation oscillator which 
initiates controlled rate pulses to trigger the^field 
rectifiefs. Q4 turns on when the voltage across 
C4 and'^e emitter current of Q4 reach preset 
values. Wlien Q4 conducts, trigger pulses 'are 
applied to the trigger amplifier 05. 



Trigger Amplifier Circuit ' 

The trigger amplifier (fig, 7-4) amplifies and 
shapes the trigger pulses. Tlie cifciiit is a 
common emitter amplifier with RC input (R13. 
and C5) and transformer output (T2). " ^ ^^ 

Transistor Q5 is protected against, the 
inductive kickback voltage of T2 by diode CR8. 
Resistors R14 and R15 with capacitors C6 and 



C7 comprise a pulse-shaping networkjo prolong 
the life of the SGRV in the field rectifier (fig. 
7-5). 

GENERATOR FIELD RECTIFIER 

Both the a.c. and d.c. field rectifiers are 
similar in operation. The function of the 
generator field rectifier is to provide controlled 
d.c. power to the generator field in order to 
regulate the generator output voltage with the 
field power being proportional to the 
conduction line of the SCR's. 

Transformer. T3 (fig. ;7-5) transfers voltage 
from the generator, which - is rectified by the 
bridge rectifier (CRM thru CRM). The 
conduction of the bridge'is controlled by SCR's 
Cl(l3 and CR14. One series combination of 
diode and SCR (CRl 1 , CR13 or CRl 2, (:R14) 
may conduct for alternate half cycles. The d.c. 
outpiit is the controlled generator field power. 
. ' Diode CR15 is used as an inductive kickback 
diodq to provide a path for the current 
generated by the collapsing magnetic field of the 
generator during the idle portion of each cycle. 
Tlie amount of field power, can be adjusted by 
R21. 

' The SCpi's accomplish power control 
because they . are rectifiers and in an a.c. circuit 
they conduct during only half of each cycle, and 
then only after being turned on by a positive 
gate pulse (from the trigger amplifier). Power 
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control is accomplished by switching the power 
on for a greater, or snwller portion of the half 
cycle. Figure 7-6 shows how power can be 
increasfed as the firing point is moved along the 
phase time axis. 



The firing point is determined by the 
position (or timing) of a spiked gate pulse. When 
► applied to the SCR, the pulse turns it on. By 
controlling the phase of the gate pulse (with 
respect to the supply voltage) the firing (delay) 
angle of the SCR gate may be delayed, to any 



point in the cycle up to approximately 180^. 
Through control of the firing angle, the average 
power deliv^ere'd to the load can be adjusted. 

Referring to figure 7-6, note that when a 
gate pulse at zero degrees of the phase time axis 
(fig. 7-6A) is applied, output power will be 
applied during the complete half cvcle. Fig ure 
7-6B illustrates that power is obtained for 
one-half of each half cycle when a pulse at 90^ 
of the phase time axis is applied. The other 
extreme of no output when the phase delay is 
180^ is represented in figure 7-6C. 
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SYNCHRONIZER 

The function of the synchronizer is to assure 
that the firing angle is always reck9ned fron1:the 
instant the supply Afloltage crosses the zero 'axis 
at each positive .halY cycle (fig. . 7-6A).- As 
illustrated in figure j7-7, when the ^CR's Sr^^iftpt^^ 
conducting, an alternate bridge rectifier cfttuit' 
is. This' alteijiate biSdge consists pf dioc^e CRl 2,' 
resistor R21, the generator fidd, resistors R23 
and R22, diode OR 16, and the secondary of T3 
(solid arrows). During the alterriate JialC cycle, 
the path (dashed arrows) is the same except that 
diodes CRl 1 and CR17>ire us^d. ; ' • . 

When the alttirnateM)ridge rectifier conducts', 
the voltage across R23 pefraitSjC4 (fig. 7-4) to 
charge, introducing the phase delay of the SCR 
gate pulse, firing of jSCR's CRl 3 and CRM 
applies equal potential of both ends of voltage 
divider R22 and R23. This rempves the voltage 



<kop across R23 and thus allows Q7 to turn off 
ana Q8 to turn on. Thus the timing capacitor C4 
.is clamped until the start of the next half cycle. 

FRECiUENCY DISCRIMINATOR 

The speed/frequency Regulator autoniatically 
^ maintains the motor speed and'the generator 
\ fceq^ehty at a preset value despite line 
- variations or load changes. ' ' . 

^ ppnstant output frequency is obtained by 
automatically adjusting the power to the motor 
* control field in;);^:response to a^ frequency 
\ discriminator. The frequency discriminator 
converts the generator output 'frequency to ^ 
voltage signal whith is in direct proportion to 
the speed/frequency of the jmotor gefietator. 

The speed/frequency . regulator qi'ffuit is the 
same as the vpltage. regulator previously 
discussed. .The 6pcirational> difference is that the 
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Figure 7-7.— Synchrohtzer, simplified schematic. 
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voltage regulator requires an increase in 
generator output voltage to cause a decrease in 
generator field current, but in the frequency 
regulator an increase in frequency causes ^he 
field current to increase. J ^ 

, The discrirninator circuit is shown in figure 
7-8. Essentially it consists of a one-shot 
multivibrator whi^h puts out a constant width 
pulse whenever a: trigger ^ulse is applied. The 
trigger ci.fecuitry is designed so that a pulse is 



applied sijL times each output cycle in order to 
obtain a flpi enough sampling rate , to decrease 
the response time , of the circ^uit. The , 
multivibrator output is integrated in order to 
provide a d.c, voltage that i^ p^roportional and 
linear witlt^'frequency. 

The positive colleefor voltage input furnishes 
the tircuitry operating biases, anil six-phase, a.c. 
is, used to obtain the trigger x>ul$es. The trigger 
circuitry consists of three single-phase full-wave 
rectifiers (CR18 and CR19, CR20 and CR21, 
*and eR22 and CR23). Each is driven, frortt* 4 > 
'win#yoir the Tl staji^^epom!^ (fig. 7-4^. The 
rectified voltages x<rn^^ th^ "teriers 

(CR24, CR§5r and CR26) to obtain^'a siquare 
pulse, which isyfurtfier sh aped by, the 
differentiating cirauitrV of ClO] CI f, CI 2, and 
R24. The differentiated pulses^rive the trigger 
transistpr ,^Q9, /which satujates ^Whenever a 
posit>ve pu),sfe is applieci. ^ " . 



Transistors QIO and Qll form a one« shot 
multivibrator whose output is a 2-millisecond 
wide pulse equal in ampUtude to the collector 
voltage. Qll is normally held oh through R27j 
CR27, and R28. Thus QIO is held off as'its base 
drive comes from Ql Ts collector. Since Q9 , 
saturates when a |f*igger pulse is applied, the . 
collector voltage 0( -QIO is at ground potehtial 
whenever^a pulse is^applied. 

Before the trigger pulse is applied, Cl3 has 
been charged to the collector voltage (Vcc) level 
through resistor R2 5 • with the other endf 
clamped to ground through diode CR27 and the' 
base-emitter junction of Qll.. When C13 
discharges due to^the trigger piilse, it turns off 
Qll. The collector will rise, to the collector 
voltage level and resistor R26 will apply base 
cuilehf QIO to hold it s^tyrated after the 
trigger pulse ends. . * : " . 

' This state (Q10 on, QM Ofp: will exist until 
.Cf3 charges thrpugh ^27' fa^a'.v^ 
eitQugh to allow Ql l to bVcome ftSfward^biased 
a|^^»,At, this time, the oufpujt pulse ends since 
Qll' saturates and the base drive* of QIO is 
removed. The time duration of the output pulse 
is controUed By G13 and R27, witfi CR27 in the 
. circuit to protect the base junction of Ql 1 from 
overvoltage. 

jhe output pulse from the collector of Qll 
. is fed through resistor R29 to integrating 
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Figure 7-8.— Frequency discriminator, simplified schlMi^tic. 
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capacitor CI 4. During the time no output pulse 
is present, CI4Js discharged, thru R29 and the 
collector-emitter, junction of Qll. If the' 
frequency of the generator incr.eases, the ratio of 
charge time to discharge time increases vyhich, in 
turn increases the discriminator output voltage 
proportional to the frequency shift. A decrease 
in frequency does the opposite. The output is 
applied to the epor voltage detector circuit 
(base of Ql, figure 7-4) pr its equivalent in the 
frequency regulator. 



MAINTENANCE 

Under jiormal conditions, the motor 
generator set and contrr>^ ^^ipment require 
inspectipn and cleaning 1 Mgnated by the 
PMS Maintenance Requirejiigiu Cards. When the 
motor generator is inspected, cleanliness, brush 
^operation, condition of brushes aqd 
commutator, bearing temperature, and vibration 
should be observed.. 

When necessary; remove dust from the 
wound section with a vacuum cleaner. If a 
vacuum cleaner is not available, either 30 
pounds maximum compressed air or a hand 
^bellows may.be used. Be certain that the 
compressed air does not have any grit, oil, or 
moisture content. Compressed air should' be 
used with caution, particularly if abrasive 
particles (carbon, etc.) are present, since these 
may be driven jnto thtx insulation and puncture , 
it or may be forced beneath insulating tapes or 
other possible trouble spots. If vibration exists, 
check for loose parts or mounting bolts. 

In cleaning the control equipment, a vacuum 
cleaner or hand be1;lows sh'ould be used. 
Accumulations of Uust or dirt around 
components can impair the natural air flow and ' 
cause overheating. 

DAMP WINDINGS 

Moisture in windings taii .soften the 
insulation aiTd reduce the dielectric strength. 
However, considerable tifne is Usually required 
before the moisture will harm the windings. 
Possible trouble can be spotted and appropriate^* 
maintenance action taken if tlje insulation 
resistance of the winding is checked. 




If the insulation resistance falls below" 1 
megohm, the windings should be dried but. 
Three recommended methods of drying are oven 
drying, forced warm air drying, or low voltage 
current drying. 

The oven drying me thod requires a 
maximum temperature of 85° C. The forced 
jarm air method requires a fan to blow warm 
a^ss the damp windings. The air must be 
with the temperature below 212°^. 
The low voltage current method requires the 
/circulation of a limited direct current through 
the windings. Care should be taken to ensure 
that the drying current does not exceed 80 
percent of the full load rating. In drying the 
field winding, the brushes should be removed to 
prevent marking or pitting the collector rings 
(which can occur if the brushes carry the drying 
current). 

The insulation resistance should be checked 
at regular intervals, Remember that when the 
current method is used, the resistance may drop 
temporarily as the moisture is forced to the 
surface of the winding. ^Drying should continue/ 
until the resistance is at least I megohm. The 
drying process can take days in extreme -cases. 
When the windings are dried out, a^coating of 
insulating varnish should be applied. 

OIL SOAKED WINDINGS 

■ 

If oil enters the windings, insulation 
breakdown may be imminent, and the winding 
will probably have to be rewound. However, 
patches of oil should be removed with a clean 
cloth soaked in an approved solvent. Use the 
solvent sparingly, being careful not to saturate 
the insulation as this can cause softening of the 
insulation. After a solvent has been used for 
cleaning, one of the drying methods should be 
applied. 



STATIC INVERTER 

The need for a highly dependable static (no 
moving parts) source of 400-hertz power led .to 
the development of the 4345A static inverter. 
At present the system is employed in SINS 
(Ships Inertial Navigation System) installations* 
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however, most of the circuits employed receive 
wide use throughout IC installations. " 

The model 4345A Static Inverter delivers a 
closely regulated source of 400 hertz 3-phase 
power from a nominal 250 VDC source. Two 
single-phase static inverters are operated with a 
controlled 90^ phase difference. Pulse width 
modulation is used for control of the output 
voltage of each static inverter, The outputs of 
the two inverters are f&d ipto two scott 'T" 
connected transformers to provide a three-phase 
output from ^ 2-phase input. 

The comppnents are enclosed in an 
aluminum'^'cabinet (fig. 7-9). Tlie Meter Panel 
Assembly contains the instruments and contrc^s 
necessary for the operation of the equipmenl. 
ITie inverter Module contains a control circuit 
+30 VDC power supply, a drive circuit +30 VDC 
>• power supply, an input sensing and step change 
adjustment circuit, a synclironizfng subassembly , 
three variable pulse width generators, a 



fre*qiiert,cy .standard oscillator, two driver 
subassftmblies, and two silicon .fontr^l rectifier 
power stages. The Power -stage contains the 
capacitors, transformers, and filters associated 
with the power stages of the inverter. 

FUNCTIONAL DESCRIPTION 

A simplified functional block diagram of th6 
model 4345A static inverter is shown inTigure 
7-10. ^A brief discussion of ^the variovis 
components and-circuits contai|ied in the unit 
follows. 

^Oscillator Assembly 

The oscillator. '(fig. 7-10) e^nsists of a 
16004IZ tuning fork controlled oscillator and a 
binary frjjc^ucncy divider (countdown) circuit. 
The countdown circuit reduces the 1600-Hz 
oscillator frequency" to an 800-Hz - reference 
frequency, required' by the inverter control 
circuits. . ^ * 
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Figure 7;9.~Statlc inverter. 



Variable Pulse 
Width Genera torji 

- The inverter fhoduJe^ contains one variable 
pulse width generator (VPWG) for each inverter 
(main afid secondary VPWG, fig. 7-10), and one 
VPWG , for. controlling the phase angle bettveen 
the inverters, tiat'h VPWG contains a mono^table 
(one-shot-multivibrator^ a modulator-^eircuii, 
and an inverter output voltage errQr, sensing 
circuit). ■ ,^ V " . ■ 

The modulator circiiit consists bf a tfansistor 
and resistors connected in (the discharge pi(4h of 
* a capacitor. Varying the level of condu^'tiO:iT of 
the transistor y^^ries the dischargCvtime-of the ' 
capacitor wlucli varies the time the mojiostablc. 
nniltivibrator remains in the unstable statt.'The ^ 
time the nionostablc^multivibrator remains in 
the unstable state detcnni'nes the width of the 
output pulse. '■ \ . . ' ' 

The nionostabie muhivibVator used in", the 
VPWG can be triggered ojily on positive pubes. 

The output, voltage , error-sensing circuit for 
each VPWC; receives an 'AC • signal (via tht, 
fAredbat'k' Jopfi). proportional to the output 
/ Voltage of the inverter. 'llie AC ^ij^nal is 
converted intci a corresponding DC signal. 
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Figure 7.ia-Simplified block diagram of static inverter. 
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compaYccI with a reference signal, and the error 
(difference) signal is used to control the level of 
cx)nduction of the' transistor in the modulating 
circuit. 

The secondary .Vi^WC; reguhttes the output 
voltage of phase A'H. and the phase control and 
main VPW(} regulate the voltages of phases BC 
and CA respectively. The phase control VFW(; 
also provides a delay in time hetween triggering 
of the main and secondary V['WCi to control the 
phase angle hetween power stages (I and 2) of 
the inverters. 



The main and secondary VPWb'S d,Qliv.cr 
one 800 H/ input to each* of the driver stages (1 
and 2), and another 80p-Hz input to a binary 
countdown circuit which, in turn, delivers two 
400-H/ ifcnputs 180« apart to each of the driver 
stages. 

Drivers 

hach driver contains four drive pulse 
generators. , Two of the drive pulse generators 
generate the triggers for the power SCR's (**turn t 
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on" SCR's), and the other two generate the 
* . triggers for the commutating SCR's (♦'tum/off 
SCR's), in the power stages. 

A unijunction transistor is utilized to 
generate the drive pulse trigger. 

Power Stages s 

Each power stage contains three power and 
three commutating SCRs for each side of the 
power stage, and a Iransformer. The SCR's 
switch the DC source across the primary of the 
transformer at a 400-Hz rate to produce a 
400-Hz square wave output. The square wave 
.* output is filtered to produce a sine wave. 
: :The SCR is the semiconductor equivalent of 
; ttiej^ gas thyratron tube. Qnce it is made to 
^ c<>nduct, it will continue to conduct for the 
^ V^.r^i^ positive half cycle (anode positive* 
4 .with^respect to cathode). Neither the removed of 
the gate voltage nor the reversal* of the gate 
; voltage will stop the SCR from conducting. 
Conduction may be stopped only by completely 
removing the positive anode to Tiegative cathode 
voltage or by applying a slightly greater reverse 
negative anode to positive cathode voltage. 

The principle of operation ot. the power 
stages can be described jpifvth'e simplified 
schematic diagram (fig. 7-1 1).' Wfeh power SCR 
' (Ql) is triggered on by an output pulse from the 



driver, a rising current will flow through primary 
winding 3-4 of output transfd^-mer Tl (through' 
Ql, LI, and the battery), inducing a voltage in 
the secondary 6-7 in one direction. By 
autotransformer action, a voltage is also induced 
in winding 4-5. This, voltage charges capacitor CI 
through Ql, CRl, and R I. When commutating 
SCR (Q3) is triggered on .by the driver, the 
positive voltage from the right plate of CI is 
applied through Q3 (Q3 conducting) to the 
Q3-CR3 junction. This applies a reverse jip^g^ive 
anode to positive cathode voUag^to'^^Hcausiri^ 
Ql to stop conducting. Capacitor (TT dischajge,s>^ 
through LI, CR3, and Q3.5\Vith Ql bff, the? 
current in winding 3-4 of TllgraduMly drop&lo 
zero and, slightly later wh^f^ the 3-4 cdlrent 
ceases; the voltage between sebfekj^a.Qf^ tem 
6-7 drops to zero. The voltage between terminals 
4-5 also drops to zero. When CI discharges to 
zero, Q3 stops conducting. Because or the 
gradual drop of current in the 3-4 winding, the 
voltage induced in the 6-7 winding is of reversed- 
polarity and low amplitude. 

On the other side of the power stage, power 
SCR (Q2) is then triggered on by the driver 
output, and capacitor C2 charges in the same 
manntjr as CI charged. The operation of this side 
of the power stage is the same as for the side just 
discussed. The polarity of the output is reversed. 
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Figure 7-11. -Power stage, limplif led tchemtrtic diagram. 
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however, which completes the square Kvave 
output on the secondary ofTl. 

Filters 

The filters (fig. 7-10) convert the square 
wave outputs of power stages 1 and 2 to sine 
waves. Each filter consists of one series and four 
' shunt LC filters. The scries filter provides alow 
impedance path for the 400-Hz fundamental 
frequency and a high impedance path for the 
odd harmonics in the output. The^ predominate 
odd harmonics are filtered out by individual 
shunt filters. A shunt filter-is provided for the 
third, fifth, seventh, and pinth harmonic. Even 
harmonics are negligible due to the balanced 
design of the push-pull power stage. 

Scott "T" Transf j>rmer . ; \^ . 

The S c o;*t t t ' transformer is a 
center- tapped autotfansformer. ' The* output 
voltages from the main and secondary inverter 
filters combine in the Scott 'T' transformer to 
produce a 1 20 volt, 3-phase output. 

. Clipper ^ 

The 3-phase clipper network consisting of 
capacitors, resistors, and diodes js connected 
across the 3-ph^jsc ' dutput q)' the Scott "T" 
transformer. Tl^e ^dini^cr-^}^^^^^ functions*lo 
reduce voltage tjuhsieri't^ inverter 3-phase 

olitput. ' . • 

"" ' - ^. • Ti . "■'•■;■-■■.*'.'■ 

Synchronizing' Stagfe^t'-:^.. v • ^ 
• ^ 
The SYNC stage (4'ig. 7-10) contains an 
emitter-coupled binary circuit and a bistable 
multivibrator. This stage ensures that drive 
pulses arc initiated properly when the unit is 
turned on. If the drive switch is turned on at the 
wrong time with respect to the reference signal 
from the oscillator, ^operation is delayed until 
the beginning of a cycle in the reference signal. 

he binary circuit in the SYNC stage has 
three interlock circuits which control the 
switching of the bistable multivibrator (the 
"turn on'' and '*|lurn off condition of the 
inverter). Thxv three interlock signals are 
provided by the drive syvitch, the Mf|der-over 

130 

141 



Voltage sensing circuit, and the overload-sensing 
circuit. A positive signal of 20 VDC or greater 
from either of these three sources will cause the 
binary circuit to switch, which in turn will cause 
the bistable multivibrator to switch to the ''turn* 
off condition on the inverter. 

The SYNC stage also contains a delayed 
B-voltage interlock to ensure that the oscillator, 
VPWQ, and synchronizing circuits Have 
sufficieW time to stabilize before the inverter.is 
turnec^jjn. A unijunction circuit provides a time 
.delay of approximately^ two, seconds after the 
inverter main power circliitbreaker is turned on, 
before the control circuit +30 VDC is applied -to 
the inverter circuits. 

Drive Switch • 

The drive /switch (SI, fig. 7-9) hasMhree 
posifions: OFF, START, and RUN. In Hie OFF 
position {y^\i\\ the main power circuit breaker^ 
ON), power is supplied to the standby indicator 
light to indicate that the inverter is in the 
standby mode,' 3nd a +30 VDC signal is supplied 
to the synchronizing st^ge. The drive switch also 
functions in the OFF position to) connect the 
input DC voltage as a source of power for the 
control circuit +30 VDC power supply. ' 

In the START position power is removed 
from the'indicator light, and the +30 VDC signal 
to the synchronizing stage is removed allowing 
signals to pass to properly start the inverter. 

When the drive switch is switclied to the 
RUN position, the input DC voltage for the 
control circuit +30 VDC power supply is 
disconnected, and a bridge rectified output from 
phase CA of the inverter is.used. 

Power Supplies 

The power supplies in the inverter are the 
control circuit +30 VDC power suf>ply and the 
drive circuit +30 VDC power supply. The 
control circuit +30 VDC powCr supply provides 
power for all control circuits except the drivers n 
and ^under-over voltage circuits. This power is \ 
obtained from the input DC source during the 
START mode and from phase CA of the inverter 
output during the RUN mode as mentioned 
previously. . . 
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The drive circuit +30 VDC power supply 
provides power for the drivers and the 
under-over voltage circuits. This power is 
obtained from. the inverter input DC voltage. 

Overload Circuit 

The overload circuit functions to turn the 
inverter off in case of overload. An overload 
current from th,e current sensing circuit 
produces a DC signal of sufficient amplitude. to 
trigger a unijunction circuit which in turn 
triggers a bistable multivibrator. The bistable 
multivibrator output is fed to the binary circuit 
in the SYNC stage which swatches the bistable 
multivibrator in this stage putting the inverter in 
the "turn offVcondition. 

Under-Over Voltage-Sensing Circuit ^ - ' 

The under-over voltage-sensing circuit 
functions to turn the inverter off when the input 
DC source voltage is out of the ppefatii)fe range 
(210-355 VDC) of the inverter 

A-*n:^odified. Schmitt; trigged circuit is used to 

'supply- thei inWlb^K' to the binary - circuit 
iri.the>SYN^stage/T^^ Schmitt trigger is a form 

' of/t)i^tahl<e^^ . 1^^ It differs from the 

cpnVenti6tial».bistV6le multivibr however, in 

• fhjit it is at all times sensitive to the amplitude 
of the input signal. If the amplitude of the input 
signal is above a specified level, the Schmitt 
trigger bistable multivibrator will be in one state 
(one transistor conducting while the other is 
off); if the amplitude is below a specified level, 
it will be in the other state. 

DC Input Sensing 

The DC input sensing circuit functions to 
compensate for changes (step changes) in the 
input DC voltage source. A voltage-sensing 
network composed of resistors and capacitors is 
connected to the bus that supplies the DC input 
to the inverter. Positive and negative step 
changes in tlie DC supply voltage produces 
positive arid negative pulse outputs from the 
voltage-swsing network. Tlie output pulses are 
fed to the pulse width modulator circuit in the 
main and secondary VPWC/s \o compensate for 
the voltage change. ' ; / 



OPERATION CYCLE 



J 



When the main power circuit breaker is on 
and the drive switch is in the OFF position, the 
inverter is in the standby mode of operation. 
The standby mode is composed of a transient 
and a steady state condition. The transient 
condition lasts for approximately 2 seconds. 
This 2-second tijne delay is provided by the 
delayed B+ voltage interlock to allow the 
inverter Circuits to reach a steady state, as 
mentioned previously. , 

During the standby mode the 800-hertz 
countdown circuit of the oscillator supplies an 
800-Hz square wave, voltage to the. SYNC stage 
and the main VPWG (waveform B fig. 7-1 2A and , 
fig. 7-10).' A +30 VDC signal is applie^Ao the 
binary circuit in the SYNC stage via th^ drive 
switch (SI fig. 7-9) which Iceeps the bistable 
multivibrator in the SYNC stage in the "turn 
off state. 

Turning the drive Switch to the START 
position removes the 300 VDC signal from the 
binary circuit and allows the first negative-going 
^dge of the 800 Hz square wave (waveform B) to 
reverse the bistable multivibrator in the SYNC, 
stage. This allows theypp§itive-going edge of 
waveform B (at time,;'0/ng: 7|;12A) to trigger the 
monostable multivibi^toTvjn *ihe rnain ,VPW(5 * 

(fig. 7^10). '^:y''^::r::i:'^^i^^'^^^ 

The trailing e'd^.bf the first ppisitiveh 
waveform C (edge Nib;>i s.;^^^^^^^^ 
biain VPWG JriggeYs; '^^^^^^^ 
countdown circui t V.Th t' /m in 40 D-hertz 
countdown output i(JQ^y^tYiggers the pulse 
generator in tl^e drive ivhicH generates the pulse 
(E) to trigger the power' SCR's for one side of 
the power stage. The main 400-hertz countdown 
(D) and the leading, edge of the second positive 
half of waveform. C . (2, fig. 7-12A) provide 
coincident gating for the pulse generator in the 
driver that generate.? th^* -pulse (F) to trigger the 
commutating :S!<R*sin vthis side of the power 
stage. ' { \:4 

The main 400-hc,fti countdown output (G) 
triggers the pulse generator in the driver 'which 
generates the\"pxirse:;(H) to trigger the power 
SCR's in thlv'bther half of the power stage. 
Waveform G and the leading edge of the next 
positive half of waveform C (3, fig. 7-1 2A) gate 
the pulse generator in the drive that generates 
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'the pulse (J) to trigger the commutating ^CR's 
in this half of the power stage, the leading edge 
of waveform C controls the duration of the ON 
time of the power stage. 

The leading edge of the 180^ signal (K) from 
the main VPWG triggers the phase control 
VPWG. The phase control VPWG provides a 



delay in time (N) between the main and^^^i^,^ 
secondary VPWG's to control the phase angle 
between the two power stages. ' . 

The secondary VPWG is triggered by the 
trailing edge of the fJhase control VPWG signal 
(waveform N fig. 7-12B). The trailing edge of . 
wave P from the secondary VPWG triggers the 
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secondary 40a-hertz" c6untdown. The outputs 
from the secondary 400-hertz countdown (U 

'^^'''"S ""^^^ of the secondary 
VPWG output (P) trigger the pulse generators in 
Uie secondary driver in the same manner as just 
described for the main driver. The sequence of 
operation for the secondary power stage is the 
same as for the main power stage 

r « 

OPERATING PROCEDURE 

j ' , 

To operate the static inverter, turn the main 
power circuit breaker CBl (fig. 7-9) to ON. Turn 
Oie drive switch, SI, to the OFF position The 
standby light 12 should light. Turn the drive 
swi ch, SI, to the START position. The power 
on light, II, should light, and the standby light 
12, should go put. After the output of the 
inverter has re a ch e d a , s teady state 
(approximateJ<'2 seconds), turn the drive 
switch, SI. to th^. j^UN, position. Adjust \he 
voltage adju^?p6tenUomeier^ R786, and 

K787, (ng.ra^v t9 :fte reqaire'd io for each 



phase. Use the. voltage^selefctor sWitch,^^, ^fid 
meter Ml', to' reach tjie Toltage: of each phase. 
The output voltages -Hr^ist be- adjusted in the 
following sequence:, phase CA, phase AB, then 
phase BC. 

To secure 'the inverter turn the drive sv^tch 
SI, to the OFF position, then ¥ urn the power 
Circuit breaket CBl to OFF. 



MAINTENANCE , 

Maintenance of the static inverter should 
normally be limited, to simple replacement with 
a new or serviceable module. This Will ensure 
rapid restoration of the inverter into service 
without risking dangers of handling high test 
voltages. 

Complete familiarization with the theory of 
operation must be obtained before 
troubleshooting is attempted. Then follow the 
steprlDy-step procedures outlined in the 
manulacturer's technicaf manual while using the " 
specified test equipments. .v- ■ 
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This chapter will discuss the operation and 
maintenance of electrohydraulic load-sensing , 
speed governors. If you do not have a thorough 
understanding , of solid state circuitry, 
components, oruterins review Basic Electronics, 
NAVEDTRA 10087 (Revised) and EIMB 
Handbook: Electronic Circuits. NSN 
0967-LP-O0O-ai20> 

E le c t r o'hy d r a ujl q :r.1p a d -se n s i ng speed 
'^governors have beenf^dey.ej^p^^ for ship's service 
- generators in elect^ica^^^J/St^s which require 
closer frequency regulBtiiW-lhan that provided 
by mechanical type governors. Electrohydraulic 
governors have been used successfully on both 
steam-turbine and;diesel-driv^ generators. 

An , electrohydraulic governor may be 
operated as an isochronous governor (constant 
speed at all loads) or with speed droop which 
'' permits paralleling with other, generators that/: 
have conventional fly-weight governors. 
• The operation of a typical electrohydraulic 
load-sensing governing syste.m may be generally 
described as follows. Tbe steam ^alve or-throttle ' 
that controls the prime mover fyel supply is 
operated by an electrohydraulic acjuator which 
responds to fhe output of a magnefi(j5 amplifier, 
.'dejiprator^peed and i6id^signals are fe4 into the, 
•Itransistof-iamplifier to l^rbduce a poW^^'r output 
sufficient * to. opera^ \the electrphydraujic ^, 
* actuator vyhich corpectly position^the -.steam 
valve pr thrbttle. 

The speeil . signal is lisually provided .' bV a 
^^small permanent/ magnet' generatbh^^driven from 
^ ;the; shaft of 'the prime mover or ship's service 
' -'''nerator. The speed ^signal is sometifhes 
•ained'^By sensing the output frequency of the 
p.' s service generator, but/the loss of signal in 
ase of short circuit on , the generator is a 




disadvantage of this method. The sp^ed signal is 
/applied t^^a frequency sensitive ani^jef^rence 
circuit in the governor control »iinit. The* output 
QjF^this;Circuit is an error signal if there 'is any 
deviation from rated speed. This error sigAaT is 
applied to the transistor amplifier and acts to 
restore ra^ed speed. Stability is obtained by the 
use of electrical, feedback cir^juits. " / . 

Load-measuring circuits -are used in the 
electrohydraulic gb^rnor to obtain proper load 
ratio ^ on each paralleled generator. Most' 
governing^ systems are .so designed - that any 
change in load produces k signal yhich is fed 
into the transi|j6r Amplifier and^'acts to offset 
any anticipatfcd^^^peed chan&e Vdue to load 
change. The'^lbad-measuring circuits on 
governors of all genierators that operate in 
parallel are connected by a tie cable. The 
governor may be designed or preset'sp>that each 
paralleled generator will equally share the total 
Joad or a load ratio adjListmpnt may be provided. 
Any deviation infproper load ratio produces a 
circulating current, in , the tie cable.^ This 
circulating <iliiTent . 'acts in the; tra^^^ 
: amplifier circuit Jto increase or decTCdsd \f;uel 

'.•supplied to the- generator prime movers uj,1til 
proper.load rati6:^i^achieved. " ^ , . 

The steady 's^lc artd transient frequency 
requirements fdrjType ll' power can be met 
witli dectrohydra^^^ governors of the type just 
^ 'described. How^r, a* motor generator or static 
?donv^>rter wifV%'ill be required for Type III 
voltage control. 

' Tlie electrohydraulic load-sensing governor 
used in this discussion is made Up of fovir major 
units (fig. 8-i)-the EG-M control box. the load 
signal box, the EG-R hydraulic actuator, and the 

• valve operator, , ^ « 



OPERATION ' 

Look at the block diagram in figure 8-2. The 
input signal (voltage) is proportional to the 
speed of the permanent magnet generator 



(PMG) and is applied to the EG-M control boje. 
The ^control box compares this voltage with V 
reference voltage and, if there is a difference, 
supplies an output voltage to energize the EG-K 
hydraulic actuator. A pilot valve plunger in the 
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Figure 8-1.-Electrohydraulic load-sensing governor system components. 
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Figure 8-2.-ElectrohYdraulic load-sensing governor system, bfock diagram. 



actuatof: directs oil. to or from a remote servo in 
the valve operator. The valve operator moves the 
mechanism to increase or decrease the steam, 

• which returns the turbine speed to normal 

The load signal box detects changes in load 
before they appear as speed changes and applies 
a proportional voltage to the control box. It 
detects these changes through the resistor* box, 
which develops ^ voltage from the secondary of 
the current transformers. This voltage is 

' compared with the generator load , output 
voltage :and, if a difference exists, the load signal 
box applies a^propbrtional voltage to the control 
box. ; p ^ 

The drpop s^yitch allows parallel operation 
with governors Of types other than EG. The 
circuit breaker auxiliary contact provides a path 
for control load signals to other paralleled units. 

EG-R HYDRAULIC ACTUATOH 

The EG-R hydratf lie actuator (fig. 8-3) 
provides the hydraulic control signal for the 



valve operator via tubing connections. The signal 
is controlled b/ controlling the flo\y of oil to 
and from the . EG remote servo piston in the 
valve operator (discussed later). 
^ The actuat9r receives its electric control 
signals from the control box as explained 
previdusly. The actuator has no self-contained 
oil sump and receives operating oil frorn the oil 
system for the turbine control. 

When starting the turbine, you must control 
the turbine Speed manually by using a trij^ 
• throttle valve (located at the turbine) until an 
input signal and power become available to tte 
control box! You must manually operate tlte 
trip throttle, valve because the actuator does not 
use a centrifugal flywheel head assembly. 

If the control signal is lost, or if a faulty 
control box sends a continuous increase ^peed 
signal, the actuator closes the steam valve t6 
shut-down the steam supply .which trips the 
turbine off the line. 

Since the .hydraulic actuator d6es not have a 
mecha^nical speed sensing flywheel head 
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Figure 8-3.-EG-R hydraulic-actuator, mechanical diagram. 
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assembly, its drive shaft does not have to be 
driven directly by the turbine. The drive shaft is 
rotated by a shaft from the gpar only to turn the 
actuator pump gears (fig. 8-3) and to provide 
relative rotation between the nonrotating 
pilot-valve plunger and its rotating bushing. The 
drive shaft is an iritegral part of the pilot valve 
bushing. The oil pump of* the actuator is 
designed for drive shaft rotation in one direction 
only, and the relief valve maintains the operating 
Oil pressure. 

Oil from th6 external supply enters through 
port B-to. the oil pump. The pump gears first fill 
the oil passages and then increase the hydraulic^ 
pressure. When the pressure overcomes the force 
of the relief valve spring, the relief valve plunger 
IS pushed down, to uncover the bypass hole; 
thus, recirculating oil through the pump. 



Pressure oil from the'pump is supplied to the 
buffer piston, which constantly applies pressure 
oil to the top side of the EG, remote servo piston 
(fig. 84) through slot A. Pump pressure is 
applied to the underneath side of the EG remote 
servo piston through slot E and the pilot valve 
plunger. The pressure in this hydraulic circuit 
tends" always to move the EG remote servo 
piston down in the decrease steam direction. 
However, the EG remote servif piston cannot 
move down unless the oil.trap^d between the 
underneath side of it and the pilot valve plungpr 
can escape to sump. 

The pilot valve plunger (fig. 8-3) controls the 
now of oil to and from the bottom side of the 
EG remote servo piston in the valve operator. 
•The pilot , valve plunger is connected to an 
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Figure 8-4. 



-Valve operator, mechanical diagram* 



arhiaturc magnet which is spring-suspended in . 
the field of a two-cotl^ solenoid. The output 
signal from the EG-M control box is applied to 
the solenoid coils ^to produce a force 
(proportional to the current in the coil) which 
moves the armature magnet and pilot valve 
plunger up or down. T|ie pilot valve plunger is 
raised a^ a result of a d'ecrease in load or a 
decrease in the speed setting of the control box. 
It is lowered as a result of an increase in either 
the load or the contrpl box speed setting.^ When 
the electric control signal fades to its onspeed 
voltage value, the centering springs return the 
armatjiire magnet and pilot valve plunger to their *' 
steady-state, centered positions. The p^lot valye 
plunger is centered when its control land exactly 



covers the control port in the pilot valve bushing 
(as shown in fig, 8-3) 

With the pilot valve plunger centered, no oil 
flows to or from the EG rerqpte servo piston^ If 
the pilot valve plunger is raised due to a decrease 
in load, the oil trapped on. the. bottijm side of 
the piston is free to escape to sump. 

Stability of a system controlled by the 
electric govemor section is enhanced by the use 
of a temporary negative feedback signal which 
biases the speed and load signal to the actuator 
pilot valve plunger. The temporary feedback 
signal is in the form of a pressure differential 
applied across the compensating land of the 
pilot vijlve plunger. Tlie pressure differential is 
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derived from the buffer system, and is allowed 
to f^jle'awiy^s the turbine returns to speed. 

Mbvemenf of the buffer piston to the left 
paitikj[J^ relieves the compression of the 
rigHt-Kajid buffer spring and increases the 
compressfon o/Shiff left-hand buffer spring. The 
forceW the left-hand buffer spring, tending to 
resist tl^s moVeXnant, results in a slightly higher 
oil pressure on the right side of the buffer piston 
than on the Jett side. The pressure on the left 
side of the buffer, piston is transmitted to^the 
underside of the compensation land of the 
actuator pilot valve plunger, while the pressure 
on the right side of the buffer piston is fed to 
thev upperside of the compensation land. The 
difference in pressures on the two sides of the 
compensation land produces a force which acts 
to push the pilot valve plunger back to its 
centered position. 

When the EG remote servo piston has been 
moved far enough to satisfy the new steam 
requirement, the force of the pressure 
differential on the actuator pilot valve plunger 
will have recentered the actuator pilot valve 
plunger, even though turbine speed is not yet 
completely back to normal. The EG remote 
servo piston movement is thereby stopped as the 
control box signal returns to its onspeed voltage 
value. At the same time, the pressure differential 
on the two sides of the buffer piston (and on the 
upper, and lower sides of the compensating land) 
is being dissipated by flow of oil through the 
needle valve orifice. As this occurs, the buffer 
springs return the buffer piston to its normal 
Xcentral) position.^. The decrease in electrical 
signal to its onspeed value and the dissipation of 
differential pressure on the two sides of the 
compensation land occur at the same rate, and 
the pilot valve remains centered until the turbine 
is again at the"" onspeed condition at the 
decireased load. ^ 

When the turbine load increases and the 
turbine speed decreases, the pilot valve plunger 
is lowered, and pressure oil flows to the bottom 
side of the EGxemote piston. Because the area 
on the bottom side of the piston against which 
the oil pressure acts is greater than the area on 
the upper side of the piston against which the oil 
pressure acts;- the net force moves the piston 
upward in tJie increase steam direction. The oil 



V displaced on the left ^ide of the buffer piston 
moves the piston to the right, thus causing a 
pressure differential pn the upper and lower 
sides of the compensation land so th^t the pilot 
valyq plunger is recentered before turbine speed 
returns to normal. This pressure differential 
dissipates through the needle valve orifice, at the 
same rate at which the electrical signa^ is 
reduced, to its onspeed voltage value as the 
turbine speed returns to normal. 

Surrouniiing th'^ EG remote seryo piston and 
its pistv-, .i in ffig. 8-4) are grooves connected 
to t?K pump itput pressure through j)ort C. 
Tht ' have nothing to do \yith 

op^' actuator. They are used to 

assure ..ay leakage of pressure oil from the 
seiVo comes from a part'of the hydraulic circuit 
where it will do no harm. 

VALVE OPERATOR ' 

The valve operator^Stolifies the hydraulic, 
signals from the hydramic%^^ to provide 
the high power that is needed to operate the 
turbine steam valve. 

Pressure oil from one side of the actuator 
buffer system is applied constantly through port 
A (fig. 8^) to the upper side of the EG remote 
servo piston. The actuator pilot valve plunger 
(fig. 8-3) controls the oil flow through port E to 
and from the area under the EG remote servo 
piston. Pressure oil from the governor pUmp is 
sent through port C to seal grooves around the 
EG remote servo piston and piston stem. Port D 
is for draining leakage oil to sump. ' 

When oil from the hydraulic actuator 
(through port E) forces the EG remote servo 
piston upward, the . pilot valve plunger is lifted, 
allowing the pressure oil supply to flow through 
port F to the top side of the operating piston. 
Thus the operating pistbii is forced downward in 
the increase steam direction. As the operating 
piston moves downward, the pilot valve plunger 
is lowered to its centered (null) position (as 
shown in figure 8^). This action shuts off the 
pressure oil flow to .the top of the operating 
piston and stops the movement of the operating 
piston, ^ 

If the EG-R hydraulic actuator pilot valve 
plunger (fig. 8^) is raised, any oil under the EG 
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remote servo pistiDn drains out through port E. 

Then, the pressure oil above the EG remote 
: servo piston pushes the. piston downward. At the 

sarne time, thf p\lo\ valve plunger lo\yers and tile " 
'area* above the operating viilye drains gjjt . 
!through portt. Tht\ 'spring force and oih supply 

pressure'' on the uhderi^ide of the operating 
^piston forqes the piston upward^in t|^e decrease 

Steam direction. As the operating piston moves. 

upward, the pilot ^Ive plunger moves up with it. 

until t hi plunger reaches its'liull position and , 

the operating piston movement ceases^*' 

The cutout valVe (fig. 84) minimizes the 
amt)unt of manual pumping required to pbtam 
-enough oil to open the^team valve to start the 
turbine. As ' the sijppl]^ oil dissipates throt^h 
pprt E with thfr ^unit shut down, the Jipring atop _ 
the c<Kout valve pushes the plunger down to 
opGTx the area undpr the operating pi&ton to 
drain *thm)^gH port,G. TVie cutoff valve- will 
lowgf until it close^off the supply jDil path from . 
the underside of the operating piston to port F. 

-During ' turbine startup, the starting oil is 
i^irelStJd through port B to the u/iderside of the ^, 
pilot';-i^valve plunger, causing, it.' to rise. The 
jnafiuBtty~^pumped supply oil pressure (through 
port F) is considerably less t^jan- the normal 
Supply oit and will flow to the upper side of the ^ 
operating piston, forcing it down (this will also 
open the steam valve). The operating piston 
needs only to overcome the force of the Sjp^ring^ 
under it pius any unbalance forces of the*steam 
valve. As the turbine begins to operate, the ' 



supply oil ' pressure through port F will rise. 
When the supply oil' pressure 1s sufficient to" 
overcome the^pressure.of thq^ cutoff valve siDring, 
the cutoff valye * plunger will rise, enabling 
normal operation of the valve operator. 

The adjusting screws at the top and bottom' 
of tfie EG ' remote' servo pi^tpn limit, the 
direction of piston travel and, through the 
floating lever, limit tht' operating piston s-trolce. 
.TJie top screw sets the nicixirrtum valv^^ limit and 
the'bo^om /screw sets the shutoff position of 
th^^operating pistyn*^ . 



EdM CONTROL Bt)X 



The control b^x is designed to provide the 
control signal to the eloctrohydraulic transducer 
in the hydraulic actuator/ ^ 
, As shown in the block oiagram of figure 8-5, 
the control box has^dhree iifputs. One is from 
the load, signal box an(^ will be discussed later. 
The other two are from the PMG and the speed 
setting (reference) potefttiometer! * 

, The.input from the PMG is applied to'lhe 
speed section where it is^ converted into a d.c. 
voltage proportional to the speed of the turbine! 
The , reference' voltage ' (speed control) is 
established by the speed^setting potentiometer 
but is developed internally. 

The outputs of the speed section and the 
speed reference section are compared and, if 
equal and of opposite polarity, no signal is 
applied to the amplifier section. If the speed .of 
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Figure 8-5.— EG-M control bgx, block diagram. 
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Figure 8-6.'^E6^*JA control box, simplified schematic. 
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the turbine changes, there is a corresponding 
change in the signal from the PMG. This causes a 
.change in the output of the speed section and an 
error voltage is applied to the amplifier section, 
which is amplified and sent to the hydraulic 
actuator. Some output is fed back through the 
stabilizer section to keep the system from 
overreacting. . 

The schematic representation of the control 
box (fig. 8-6) is a simplification of the actual 
amplifier and is useful in describing its 
operation. 

If the speed setting potentiometer ^ is 
adjusted to incre.ase speed, it causes a voltage 
signal change at the base of transistor Ql in the 
positive direction. This increases the conduction 
of transistor Ql, causing increased current 
through resistor Rl and a drop in potential at 
point A (base of transistor Q4). The effect on 
transistor Q4 is to cause an increase in current 
through r^esistor R5. The increased' voltage drop 
across resistor R5 raises the potential at point B. 
An increase in potential at point B (base of 
transistors Q5 and Q6) causes Q5 to conduct 
more and Q6 to conduct less which increases the 
potential at point C (base of transistors Q7 and 
Q8). This increase causes Q7 to conduct more 
and Q8 to conduct less which increases the 
potential at point D. An increase in potential at 
point D causes curren| to flow through the 



actuator coil in the direction to move the 
actuator pilot valve plunger in the increase steam 
direction. This steam increase causes the turbine 
to increase speed. The negative speed, signal 
increase counteracts the previous positive speed 
signal increase and a new steady state condition 
of essentially zero voltage is reached both at the 
summing point and the actuator. 

To further explain the function of the' 
amplifier and its stabilizing feedback network, 
refer to the voltage wave forms of figure 8-7 as 
well as the schematic of figure 8-6. 

Assume that a step input voltage signal is 
^ applied to the summing point of the amplifier as 
shown on curve 1 (fig. 8-7). If the feedback 
circuit is disconnected at point I (fig. 8-6), the 
output voltage for this condition (without 
feedback and stabilization) will' be very high as 
shQwri ip curve 2 (fig. SJV^d will cause the. 
turbine to hunt excessively. The gain (output 
voltage divided by input voltage) is very high in 
this condition. Assume that the feedback 
network is reconnected at point I, and the 
stabilizing network is disconnected at point J. In 
this case the output signal from point D is fed 
through the stability potentiometer to the base 
of transistor Q2 (point E) and reduces the 
amplifier gain. In response to the step input of 
curve 1, an output voltage for this condition 



«4 



Chapter 8-ELECTRf)HYDRAULIC LOAD-SENSING SPEED GOVERNORS 



STEP INPUT VOLTAGE SIGNAL 



CURVE 1 r 



OUTPUT VOLTAGE OF AMPLIFIER 
^ WITHOUT FEEDBACK AND WITHOUT 
STABILIZATION 



CURVE 2 



OUTPUT VOLTAGE OF ^PLIFIER 
WITH FEEDBACK BUT WITHOUT 
STABILIZATION 



CURVE 



OUTPUT .VOLTAGE OF THE 
^ NORMAL AMPLIFIER WITH BOTH 
FEEDBACK AND STABILIZATION 



CURVE 4 



TIME 



Figure 8-7.— Voltage relationships. 
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(feedback connected but without stabilization) 
is obtained (curved; fig. 8-7). 

The gain is reduced in the followiwg 
sequence. Earlier, we stated that the output 
voltage at point D and at the actuator increases 
in response to an increased potential at the 
summing point of the amplifier. Tlie increase in 
potential is applied to the base of transistor Q2. 
' causing Q2 to conduct a greater amount, 
thereby increasing the voltage drop across 
resistor R3. The potential at point" F (the. 
emitter of input transistor Ql) Js raised, causing 
Ql to conduct less, thereby reducing the 



amount of voltage drop otherwise experienced 
at point A. In turn, the amount of conductance 
of transistor Q4 is reduced. Consequently, there 
is less voltage. change at point B. Adjustment of 
PI increases the potential at point E and further . 
reduces the amplifier gain. Jransistor Q2 
conducts a greater amount thereby reducing the 
potential at point G because of a greater voltage 
drop across resistor R2. The potential at G 
(applied to the base of transistor Q3) causes Q3 
to conduct more vyith a greater voltage drop 
across resistor R4. Consequently, the lower 
potential at point H (the emitter of transistor 
Q4) causes it to conduct less, resulting in less 
increase in potential at point B, or a gain 
^eduction. / * , 

The stabilization signal is obtained through 
the use of a capacitor. With capacitor CI 
disconnected at point J (fig. 8-6), the negative 
feedback effect reduces^ the gain (curve 2, fig. 
8-7). When the circuit is reconnected at point J, 
the capacitor temporarily diverts some of the 
feedback signal away from point E .during the 
charging period of the capacitor. 

In response to the input voltage of curve I 
(fig. 8-7), the initial output voltage of the 
amplifier goes to a high level (curve 4) at the^ 
first instant the signal is applied and the 
feedback signal is varied. As the capacit&r 
charges, the voltage comes down on the curved 
portion of the line and levels off at 
approximately the same level as curve 3 when a 
steady state condition is reached. The shape of 
curve 4 is determined by an RC time cpnstant 
and R is adjustable by the stability 
potentiometer. The normal response of the 
amplifier to an open loop test (fig. 8-7) produces 
an output voltage waveform characteristic of 
curve 4 in response to the input voltage of curve . 



LOAD SIGNAL BOX 

Tlie load signal box enables the governor 
system to respond to generator load changes a^ 
well as to speed changes. Load changes are 
detected and responded to before they appear as 
turbine speed changes, thereby, minimizing 
change transients. 
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The load signal box (fig. 8-8) converts a 
three-phase input signal (from the generator 
leadjs through the resistor box) to <i,d.c. voltage ' 
which is proportional to the KW load on, the 
generator. The' voltage is applied to *the load 
pulse section and the paralleling network used 
with single generator or ^paralleled with other 
similar EG governors. When operated with : 
dissimilar governors, the droop* and load pulse 
sections are used. The droop switch determines 
operating mode for which the system is set up. 

Single Generator Operation 

Look at the siniplified schematic of the load x 
signal box in figure 8-9. Input signals for the 
load signal box are taken from the secondary of"'' 
the generator current transformers and 
developed in the resistor box. The resistor box 
contains three resistors (one for each phase). 
The voltage input is applied to transformer T2 
and corrtpared to the generator voltage phase 
(which is taken from the generator line, stepped 
down, and applied to transformer Tl ). If both 
voltages ^are in phase, they will cancel and nb 



output will appear. But if they are out of phase 
(the load is changing), a voltage in proportion to 
the generator^ load will be rectified by CRI and 
CR2. (Although only one phase is shown in 
figure 8-9, each phase is compared ancl the 
comparison circuitry is identical to that shown.) 

The amplitude of the signal can be varied by 
the GAIN ^DJ, potentiometer. A variable pulse 
output is developed by the charge/discharge 
time^ of CI through the LOAD PULSE ADJ. 
potentiometer. 

The load pulse signal is initially maximum 
and gradually decreases to zero. Figure 8-10 
represents Ipad pulse signals in response to load 
changes. Ttie signal i^ of the proper polarity to 
set the 'steam valve in the right directioh to 
compensate for the. change. The output signal is 
applied ^o the summing point in the EG-M 
control box (tig. 8-6). 

Parallel Operation with 
Other EG Governor Systems 

When the load signal box is used with o'ther 
EG governor systems, the operation is the same 
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Figure 8-8. -Load signal box. blocK diagram. 
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Figure 8-9. --Load signal box, simplified schematic. 
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Figure 8-10.— Comparison of load pulse signals 
to load changes. 



Parallel Operation with 
Dissimilar Type Governor 
Systems 

For operation with dissimilar type governor 
systems, tjie droop switch must be turned on 
(down position in fig. 8-9). This shorts out the 
paralleling liiu^s. so that the parallel units are 
effectively ^inot connected to the load signal box. 
Tlie signal to the control box is fed via the 
DROOP ADJ. potentiometer. This adjustment 
compensates for differences in generator ratings 
'i\nd tlie reactivi? load carried by^them. 



iMAlNTENANCE 



jks^ for single operation (fig. 8-9) except for a 
clo^d circuit breaker (not shown). The closed 
circuit breaker connects tlie paralleling lines to 
enable -ih^ load signal box to provide the same 
signal information to the control bpx of all the 
parallel units. 



Governor faults are usually revealed in 
turbine speed variations. However, a ciieck of 
the system is necessary since not ail speed 
variations are caused' by a faulty governor. 

Check first to determine tliat the changes are 
not a transiLMit result of load changes. If the load 
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is constant, hold an inspection to see that the- The converter section is working properly if 

operating linkage between the hydraulic (after removing the amplifier section) the 

actuator and the turbine is free from binding or voltage at the collector of Q2 (fig. 8-6) is correct 

lost motions. If the linkage is proper, check the (6 Vdc at rated speed). If this i^ correct, place 

voltage regulator for proper operation. If these the- >amphfier back in the circuit;: -ThWvoltage 

checks do not reveal the cause of the speed acrte the resistive load shdaid- 'l?e about -zero 

variation, the governor is probably faulty. ^ volts. If not, the amplifier section js .faulty:/ • ^ v. 

In troubleshooting the governor system J'irst • v , 

check the voltage across the input to the If the trouble is a change in /init. steady state, 

hydraulic actuator with the system running on speed as the load is changed, check' the, voltage 

speed and set for single operation.Jf the voltage across the actuator input under different ioad, 

is not correct (+0.5 Vdc to -0.5 Vdc) and cannot conditions. If the voltage is t^e s^me at botb ' 

be set within range by the centering screw in (he loads, the qgntrol box may be defective.-If the 

actuator, or if the voltage fluctuates more than*' voltages difrfcrv;,bV more than 0:2 Vdc,> the 

±0.25 Vdc and cannot be stilled by the GAIN actuaton^ probafbly faulty. • , . 

ADJ. or the STAB. ADJ., the C9ntrol box may most troubles; in the 

be defective. . hydrtfuITc actuator or valve operator ii^ dirty oil. 

To bench test the control box, disconnect it Grit and other impurities jnay.'be.:in1trodUced 

from the load, signal box, use a 3-phase power '"^^ ^he system with the oil or "may form when 

supply instead of the norrfial supply, instead of ^'^^ begins to break '.'dbwji; (oxidize) or 

the speed signal apply a frequency oscillator become sludge. The mpvirig parts within the 

output signal set to the rated speed frequency of actuator and valve* operator are continually 

the PMG (fig. 8-6), and use a resistive load lubricated by the oil wi^thin the units. Thus, grit 

instead ot the actuator. If an oscillator is not and other impurities can cause excessive.. wear of 

available. ° you can manually control the valves, pistons, and plungers^, and can cause these 

turbine-generator set to provide the PMG signal. P^^^ to stick or' freeze jn their bOres. , ' 
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ENGINEERING CASUALTY CONTROL 



The operating efficiency of a ship depends 
largely on the ability of the Engineering' 
Department to continue its services both during 
normal operations and during casualty to any 
part of the ship. Engineering casualty control is 
concerned with the prevention, minimization, - 
and correction of the effects of operational and 
battle casualties as outlined in chapter 9882 ©f 
NavShips Technical Manual. ' ■'■ 

i 

In this chapter we shall discuss the broad 
aspects of ' engineering casualty x:ontrol, 
including casualties to the machinery ; electrical, 
'and piping installations, aboard ship. The text 
and illustrations are based on DD445/692/710 
class destroyers. Refer to the Casualty Control 
Manual prepared by t1ie,typ(^ commander for 
details concerning engineering casuajty 'control 
instructions for your class ship. 

Although an Electrician's Mate is not 
responsible for machinery other than that, driven 
by electric power, you should have a general 
knowledge of the main propulsion and auxiliary 
plants to help you acquire a better 
understanding of the overall system. 



efficiency. Casualty control can be divided into 
three phases: prevention, correction, and 
restoration. ' 



CASUALTY PREVENTION 

Casualty prevention is the most effective 
phase of casualty control. It concerns the 
quality, of- preventive maintenance on machinery » 
and systems as an effort toward_counteracting 
the effects of operational and battle casualties. 
Proper preventive maintenancie will greatly 
reduce the occurreijce of casualties caused by 
material failures. Continuous detailed inspection 
procedures are necessary not only to disclose 
■ partially damaged parts that may fail at a critical 
time, but also to eliminate the underlying 
.conditions, including maladjusttnerit, improper 
lubrication, and corrosion, which are 
detrimental to machinery and cause * early 
failure. 



CASUALTY CORRECTION 



MISSION OF CASUALTY CONTROL; 

The mission of casualty control is to 
maintain alLengineering services in a state of 
.TnaxiRium'^ reliability -under all conditions of 
.<)peration. Fa)lui;e to provide all normal services 
will decrease ;the ship's effectiveness as'^ fighting 
unit, ipithe^^^ by reducing its mobility or 

its offensive. tocf^^^^^ power (including the 

ability to control fire, fiooding, and hull or 
^arrnanient daqiage;)^ or indirectly by reducing 
habitabiiky aiiji^:!thus, personnel morale and 



Casualty correction concerns the correction 
of the effects of operational and battle damage 
to minimize the effect on the mobility and 
offensive and defensive power of the ship. This 
phase consists of the action taken at the time of 
the casualty to prevent future damage to the 
affected unit and to prevent the casualty from 
spreading through secondary effects. 

The speed with which corrective action is 
applied to an engineering cajsualty is pften of 
paramAint importance. The extent of the 
damage must be thoroughly investigated and 
reported -to the* engineer officer. To . maintain 
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maximum available^ speed and services, the 
engineer officer must be informed at all times of 
the condiJion of Kis plant. v 

The commanding officer has • Uie 
responsibility of deciding whether to continue 
operation of equipment under casualty 
conditions with the possible risk of permaneuyL^ 
damage. Such action^ can be justified oril'y wi|^ 
the risk of even greater daijiage or loss^ of the 
ship may be incurred by immediately securing 
the affected unit. . . 

CASUALTY RESTORATION ' ■» 

Casualty restoration concerns making^^ the * 
necessary repairs to completely restore the 
installation to its original condition. : 

If damage to equipment cannot be repaired 
by the repair, facilities of the forces afioat. the 
ship will probably be sent to a naval shipyard 
before returning to service. In this case, the 
salvage efforts of the crew must ensure that no 
additional deterioration of equipment will occur 
between the time of beginning operations after' 
the casualty and arrival at the yard. 



ENGINEERING CONDITIONS 
OF READINESS 

The purpose of ;t^ngineering conditions of 
readiness is to establish standards of material 
readiness in the engineering department for the 
various conditions of operation of the main 
propulsion units and auxiliary machinery. The 
required engineering conditions of readiness are 
conditions 1 through 4. 

MAIN PROPULSION UNITS 

The factors that deterniine the readiness 
condition of the main plant are the number of 
boilers in uSe and the standby condition of the 
remaining boilers, and whether'the main plant is 
split or cross-connected. The four readiness 
conditions ^ce^fined in terms of these factors 
for DD692 c^ass destroyers: 

CONDITION 1 utilizes f6ur boilers with the 
main .plant split. Boilers 1 m\d 3 supply auxiliary 



stean^to the starboard lines, and bOilers 2 and 4 
supp" auxiliary steam to the port line^. This 
condition o'f readiness piust be used at general 
quarters. On ships having both electric and* 
' steam pumps, the steam pumps should be used' 
with the electric pumgs lined lip.' in "standby 
cOlidition... ^ * 

o ' 

CONDITION 2 utilizes two boilers with the 
main plant split. The remaining two boiJers' 
should be boosted to assure readiness within 1 
hour. This condition of readiness should'be used 
in a war zone when u'ftatk is probable. 

CONDITION 3 utilizes t,wo boilers with the 
remaining boilers ^secured but cornpletely 
operational within 2 hours. The maijfcplant can 
be split or cross-connected to coruorm with 
security requirements. Hov^ever, the main plant, 
should, be split under war condftionS, when 
-^entering pr./leaving port, or when steaming in 
restricted waters and in heavy weather. 

CONDITION 4| utilizes boiler and turbine 
co|xibinations for the best"* fuel economy to 
;Cpt7form with operational requirements. The 
remaining boilers shoulcj be available within 8 
hours. 

The ^main and auxiliary steam systems are 
shown in figures 9-1 ^ind '9-2. • 

AUXILIARY MACHINERY 

The readiness of auxiliary machinery . is 
determined by the requiremeqjts of the 
turbogenerators, diesel generators, refrigeration 
plant, and the main drain system for the various 
conditions of readiness. The classification of 
, valves and fittings in the auxiliary systems for 
setting material conditions is contained in the^^ 
' Damage Control Book. . ' 

Both, TURBOGENERATORS should l^e. 
used with the electrical load split when in 
condition 1 or condition 2, and under 
circumstances when split plant if>' required in " 
condition-. 3. In condition I both 
t u r b oge nerators should exhaust to their 
auxilr^iry condensers. When both generators are 
in usfe during general quarters and battle 



' "*^%%;;^JsJffapter. 9-eNGINEERING. CASUALTY CONTROL 




ASilS9 



. AS-13S 

CLOSED DURING SPLIT PLANX OPERATION 



Figure 9-2.^Auxil*ary steam system. 
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conditions, the electrical load should be split by 
opening the a.c. and d.c. bus-tie circuit breakers 
on both the forward and after ship's service 
switchboards. 

The DIESEL GENERATORS should be set 
up for full automatic operation at all times 
except when receiving shore power. The fully 
automatic operational condition of the diesel 
generators should be rnaintained during nuclear, 
biological, or chemical . operations. Positive 
ventilation must^be assured to the diesel * 
generator rooms during these operations. 
Blowers should be turned off^ but vent ducts can ' 
remain open to prevjjnt.suffp^ation of persbfinel 
when/the diesePengine starts. Personnel in these 
spaces are required to *AVpar ''gas tjj^asks and 
" protective clothing. ^ '/.jX 

Whe REFRIGERATION PLA^ivif should be 
secured for condition 1 and reenergized as 
necessary to preserve food. Salt water supply 



valves to the refrigeration condensers should be 
classified, red circle Z. 

The MAIN DRAIN SYSTEM for condition L 
consists of lining up fir^iand bilge pumps 1 and 
3 (forward and after firerooms) to discharge to 
tht fi remains (fig. 9-3). 

Fire and bilge pumps 2 and 4 (foYward*and 
after en^erooms) are turning over slowly on 
sea suction and discharging to the sea; In this 
conditioft the pumps can l?e placed rapidly Cn 
the firemain or bilge suctions. 

The bilge suction valves^ in each space should 
be lejt open at all times, especially for condition 
1. Bulkhead cutout valves, should be closed 
except.when pun^ping on an'acjjacent space. 

CASUALTY CONTROL ORGANIZATION 

The speed with which, corrective action is 
applied to an engineering casualty depends on 
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Figure 9-3.— Firemain system. 
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* and,. constant 



effective personnel organi 
training. 

WATCH TEAMS 



' The basic organization for -engineering 
casualty control is the watch team in each 
machinery space. Three watches ate required for 
each of the steaming spaces. . \ 

The watch teams should be .thoroughly 
organized with each ipan assigned his duties for 
watch stpnding, including %ach casualty control 
procedure, fire, flooding, an4;setting of material' 
conditions. The petty officer in charge of each 

^ team should maintain gompletc control to avoid 
confusion, which could disrupt-thc organization 
^and^^oordination of his ^eam. 

Dissemination of information to alf stations 
is extremely important in effectively controlling 

j^. engineering casualties. It is essential that the 
engineer, officer receive brief, clear, and concise 
information from all stations to properly 
administer the operation of the engineering 
plant and to promptly order corrective measures 
for the control of casualties^ 

The sound-powered telephone (circuit 2JV) . 
- is the principal means of transmitting 
engineering casualty information efficiently. The 
telephone talker has an important job. He is the 
key to good communications. If a message is not 
relayed promptly and correctly, it may place the 
ship in danger/ In battle, the safety of the ship 
and the ere w*" depends on how well the talker, 
uses his voice and equipmeint. The' importance of 
officers ^nd petty officers being • proficient in 
using proper engineering terms and phraseology 
cannot be overstressed. It is not "^the .. 
responsibility of^ the, talker to ^decipher, 
translate,' or rephrase improperly transmitted' 
orders. This is the responsibility of then person 
issuirjg the order or originating the message. It js 
the duty of the talker to relay the message as 
given. 

Casualty Contrdl Phraseology 

Standard phraseology greatly enhances ' 
communications bofh * within and between, 
teams. It rninimizes confusion by reducing the. 
amount of conversation so that transmissions are 



easily .relayed and understood. When practicable, 
on^^mmand should initiate ay whole casualty 
pr^jj^VQ. It is^much more effective within the ' 
tean% ai^d between teamsjo pass the command, 
"cross-connect the plant,"- or ''%oss-connii<;t 
main feed port si^de," than ""open valves- main , 
steam 15, main steam 8, auxiliary steam 79aifd . 
. 80, auxiliary 44, and so on." • ' 

•'If the command from, main engine CQn^rol is 

^' "cro)fe-connect main feed starboard siflcV'' the . 

' petty -officers in charge of No. 1 and'^^No. 2 " 
firerooms will repeat^*'crjdss-connect nftiin feed 
starboard side."' The men already assigned this 
procedure will, open yalves, MF^-i and MF-37 

' (fig. 9-4), with-na further Con/mand, The men 
should report* back !ivhen a job is done because 
the* engineer officer often, has to wait for a ♦ 
report before givyi^^adJiotlier command. The use 
of good talker pracedure . and standard 
phraseology will show immediate results. 

CASUALTY CONTROL BOARD 

The casualty control board (fig. 9-5) is 
essential to effective casualty control during 
battle conditions. It furjiishes a complete picture 
of the . machinery available to the engineer 
officer at general quarters and watch personnel 
during condition watches.-. 

'For optimum results, a casuTtily control 
board should be ^installed at the main engfrKJ' 
control, the after enginerooTn, and at the ifiaijtf ; 
propulsion repair party station. The 2JV talkers ^ 
at these stations should . be responsible for 
maintaining the boards. The status of machinery 
is Indicated by marking the affected unit with a 
grease pencil on the plexiglass front of the 
^•asualty control board. - 



PROPULSION REPAIR PARTY 

The engineering -» casualty control 
organization also includes the propulsion repair 
party, which is integrated into repair 5 
(propulsion ' repair station). The personnel 
assigned should be specialists in main propulsion 
operation and repair as well as highly skilled in 
' the/overall "field of damage and casualty control. 
Repair 5 should Be organized to facility 
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Figure 9-4.-Main feed system. 



immediate securing of any 6r all propulsion 
spaces; to effect repairs to any steain piping^or 
equipment; to station an underway watch a,nd 
j-elieve the general quarters team in any 
propulsion space; and to evaluate and control 
any casualty or dama^in that section of the 
ship for which it (repair 5) is responsible. , 

Personnel assigned to repair 5 aboard a 
. destroyer with, a full personnel complement < 
consist^ of an Electrical Officer (normally a 
• junior "officer); 1 MMC.and 1- MM2 (Machinery 
Repair); 1 BTC and 1 BT of any pay . grade 
(Boiler Repair); 1 MM or MR of any pay grade 
(Auxiliary Repair); 1 EMC or EMT (Electrical 
Repair ; 1 MMFA and 1 BTFA (Stretcher 
Bearers); 1 MM3 or MMFN.(2JZ Talker); J MM3 
or MMFN (2JV Talker); and I'BTFA 
(Messenger). / ■ 

. In the evpnt of damage requiring the 
abandonmenrof any machinery space, personnel 
abandoning the space should Fcport to the ' 
officer in charge of repair 5 for assignment to. 

'duty. / . ^ ;':fV • . ^ 



The Relationship between repair 5 and other 
repair parties appears- in Military Requirements 
fqr Petty Officers 3 & 2, NAVEDTRA 10056-C. 

Electrical Officer is in charge of the 
propulsion repair station. He is the evaluator, 
coordinator, and the relief for the 
officef-in-charge^of main propulsipn. 

: Machinery Repair (MMC) is. in charge of 
securing, engineroom spaces and in effecting 
engineroom and auxiliary repairs. He is the relief 
for the CPO of the watch. The MM2 assists in 
securing engineroorn spaces and . in effecting^ 
engineroom and auxiliary repairs. He iis the reliefv 
for the engineroora lower-level" watch: t % 

Boiler Repair (BTC). is in-charge of securihg 
fireroom spaces and in ^ effecting firieroom 
repairs. He is the jelief for tHe BT of the watch. 
The BT/'(kny pay grade) assists in securing - 
firerooifi spaces and in effecting fireroom 
repairs. He is the relief for the checkman. 

Auxiliary Repair (MM or MR any pay grade)' 
assists in ^securing engineroom spaces -and 
auxiliary machinery and. in effecting en^neroom 
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and aii,\iliar;v rc[Kiirs. .[jc is 1!k' relief tor tlic 
tliroItK'iiiair. • ' V 

. • l-MeclriLal Kei^iir ( IMC 6r I'M 1 ) is in charizc 
.of scciiriiiiz clceiriea! power arul cirj^iiils. riiJiiing 
.ea'siiall>" povver in the main ["»ro pulsion s[nie.es, 
-ancl in ellyVetinL^ eleeli^\il repairs. I'le'is the relief 
lor I he eleelrieal sw ilehboard watch. . 

•Slreleher lk\ner ( M M 1- A assists in securing 
eniiiner(V()ni spaces and in effecting! eniiiiier.uoiy 
and aivxiiiarv repan-s. lie the relief i'or the 
enuineiooni inessniiicr. Slretclier, Be:ner(B'l I'A) 
assists,,- in securinii firerooni spaces and- in 
elTect.inu firerooni lepairs. 11c is the relief for the 
hmncr u.atch . , 

IW. lalkcr iMM.^ or MMI N) correlates and- 
Iran.sinils re})ort s, 

:.IV r.dkci ( MM3 or MMI N), relavs 
i>i format ion from mam control to rcfviir 5. 

NK-'sscnucr <H11 A) assis/s in sccurnii^' 
firer(K>m spaces anil in eflvctini! lireroom 
lepairs. Me is the relief t<>r the flrcrocjni 
messciiL'er. ^ 
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Repair is (csf 



X Miisihle 



for pi"om[)l and 



When en terinji; a .i mailed space, 
invesliiialors shouKf ascertam^he condition' of 
auxiliary and . main stream lines as soon as 
. possible and report their fiiulini^s to main uaigine 
•contrc^L-* A more' thorough description of all 
d^iiuage 10 jnachincpy' and lines should foIU^"^" 
the 'initial findings, if damage is in the ifiicr 
fire'rotHu, it is t)f utmost im^jj^tance that the 
auxilf;*ry ^tearl liiuS be inunediately inspected 
and an undanmged line from- the forward 
enginerfT'om tO;^ie after engine rooni be isolated 
from any druuaged section. This action is 
necessary so that ai?\iliary steam can he rapidly 
restored to the lube oik^pumps in the titter 
enuine room. 



etfectn.e- :k t ioM m the cu:i\,t^ ol mainr casiiaMies 
in lire ciiLmueri ng sp, ill's and. ulien ►ecpa'stedj 
shduld Ih- [uep.iied to aid engmeciing personnel 
m h.tmdimg 'minor casuaMiLs. 'Secnrmg and 
lighting nfl detaif^ should be designated withm 
rc[Kiir V, ill) e;K h man assumed sjicLitic dntu's, 

Kl-ji.iii v.ill 1h' asked to investigate a'spac.e 
v/hcne\ri ^ oni nmn k a t loiis are JdsI or • other 
indKatiun^ show tliat a Lasiiail\ lias occurred in 
the s[^.icc, II ih'.- sp.i.'.- I-. fomid lull of sicain or 
scveicK d.imai'rd. it slmuij <l)e sciiifcd 
. mi ;nediat>.'l\ ..I'l l )m topsulc alul adiaci'iit spaces. 

In th ' ■\ciM thjt air em'mei'oom uuist he 
SI- lued. 111'.' M ij respoiuiiii!' f ire r<.w )m , i 1 possi b|r . 
shou4^ si '/a 111 (111 Ilk' .Mi\iliaiy line to itiamlain 
th^ IdvImsI pMssibf' (leg.ire ot operalK)nal 
leadiik'ss I Imd in aip. Inrm should not be 
aliowid m tik' Jiiie eiil-'iimf or tiaiiMlim' a space 
111 \».hk;h .1 ma|oi' ^ ;i jraii\ has nccuru'd u n I il I he 
i.ondi!ioii \ )\ (||.' Iiih", lijs bt'cii iii\esl i!'alc(l and 
rr[>oiicd ml. I' I or propriK isolated to main 
i-mMm* ■.''iilioj. ;iihi imssi' Mi.flias ben se' luVd 

to (!•.■• ill'.' llMv's 



('omjnumcali(.)ns .from a damaged space to 
main engine control shonl^ be established as 
soon as possible.'^ising the 2JV circuit . The i JV- 
circuit can be used in the after engineroom if tiie 
ZJi\' circuit is damaged. If the IJV circuit is 
used, uninediate steps should be taken to 
establish an emergency 2JV circuit to this space. 

Repair 5 is responsible for rigging emergency 
comnumicalions circuits. i:ach uuan should be - 
fail iliar with the ca.sually cf )mmunication circuit 
X and a team should be designated to rig 
thi> ; II cull when necessary. All men in repair 5 
vluMid also be familiar with all remote operating 
gear toi engineering valves. 



OPLRATINC; CASIJALTILS 

I h.* principal doctrine to be Hupressed on 
■ ■ ) r.i f 1')!'' [Husoiinel in the event. bf a casualty of 
;i p.; 1 1 o^ the mam plant.:is the necessity of 
LoniiniK'cl o[)er:^t loiK, il" possible, i ry to keep the 
ship underway except when cont d operation 
would damage the inairi engii Notify the 
engineering officer of the walcli as soon as 
possible; he, in turn,- notifies 'the officer of tlie 
deck oi tlie casually and of any effect on the 
ship's sfv^-rd ()!• the ability" to answer bells. The 
I'ligmcermg otfu.cr of the watch also notifies tiie 
enkmeei oft icci . 

Hetoie cro';s-('oiuierI ing, due to loss ol steam 
prc'>sure in one plant, invcsti)/ale the cause 61- 
the loss ol p.ressure. Remember tiiat 
CI ( )ss-coimcct mg to a ^ruj^tuicd line can caLise 
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loss of pressure throughout the plant. If loss of 
steam pressure is due to a ruptured line or battle 
dan>age, isolate the damaged section thoroughly 
before cross-connecting. Ensure that lube oil 
pressure is maintained tp the turbine at all times. 
In the event the auxiliary steam cannot be 
cross-connected and lube oil pressure cannot be 
maintained either by the steam-driven or electric 
standby pump, t-he shaft should be stopped. 

FIREROOM CASUALTIES 

Under all circumstances, the Boiler 
Technician notifies the engincroom of -the 
fireroom casualties. 

Engincroom action to be taken is based on 
the report given by the Boiler Technician. When . 
a fireroom casualty affects the operation of the 
engineroom, cooperation and communication 
between personnel of both the spaces are 
extremely important. 

Some of the fireroom casualties that affect 
the engineroom, and. the procedures for 
controlling ' them, are listed in the followitig 
paragraphs. • * . 

High Water 

In the event of the fireroom casualty, HIGH 
WATER IN BOILER, with split plant operation, 
the- Electrician's Mate should trip the ship's 
service generator circuit breaker and close the * 
a.c. and d.c. bus-ties, and the Machinist's Mate 
should close the main engine throttle and trip 
the ship's service turbogenerator. All steam line 
drains and all (urbine drains should be opened to 
ensure that all water is drained from the steym 
lines and turbines before the cross-connection 
valve is opened. The plant should then be 
cross-connected to receive steam from another 
boiler. These procedures should be carried out 
simultaneously. iThe fireroom watch should - 
close the feed check valve, secure the burners, 
stop the blowejs, and close the main, the. ' 
turbogenerator, and the auxiliary boiler steam 
stop valves. After the boiler is secured, the 
•ftftroom watch should run down the water to 
the .steaming level, religlit .fires, and'bring the 
boiler on the iine. 

155 



Low Water v ^ * ♦ 

The fireroom casualty, LQW WATER IN 
BOILER, also require^ that the affected boiler 
be. secured. It is not necessary to trip the ship's 
service generator as in the case of high water. 
However, speed in cross-conrtecting is important 
to maintain ste^m to the turbine. 

Failure of Forced 
Draft Blower 

Failure of a forced draft blower can be 
serious, depending on the existing conditions. If 
two blowers are in use and the speed of the ship 
is high, the ship will have to be slowed. If only 
one blower is in use, its failure will necessitate 
securing the boiler until another blower can be. 
started. If there is only one boiler Jurnishing 
steam to a space, the Machinist's Mate should 
cross-connect the space and take steam from 
another boiler. 

Loss of Fuel Oil Suction 

The loss of fuel oil suction will cause the 
burners to sputter, fires to die out, and possible 
sudden racing of the fuel-oil service pump. 

The fireroom watch secures all burners, 
leaving at least one air register on each side 
(superheated and saturated) open to expel any 
gases; and to supply air for combustioil of any oil 
that may have accumulated on the boiler fioors. 
The forced draft rbiowers are kept running to 
purge the furnace (use purge chart applicable to 
ship's boilers). 

The standby pump should be started with 
suction on the stancHjy service tank. The watch 
notifies the engineroom of the casualty and that 
the fifes are secured, and, if unable to regain 
fires before steam pressure drops to ♦he" 
predetermined value, notifies the engineroom 
that the boiler is being secured by closing the 
main, turbo, and auxiliary boiler steam stops in 
the order indicated^ 

The fireroom watch should iiotify the 
engineroom that the boiler is secured and open 
the cross-connecting valves when so directed by 
the engineroom. The service pump discharge 
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pressure should be observed. If the pump races 
and the noise level increases, there is water in 
the oil, and, if no pressure is indicated, the 
pump is air bound. If there is water in the oil, 
the watch should run the oil to the 
contaminated oil tank through the recirculating 
Mrie until the service line is free of water. If the 
pump is airbound, the priming cock bliould be 
opened and the system vented. ^ 

The BT should close the air registers and 
slow (}own the forced draft blowenafter all oil 
has been burned from the furnace deck and all 
combustible gases expelled. After it has been 
determined that good oil is available, he should 
carry out the prqcedure for placing a boiler on 
the line. 

The BT should then investigate and correct 
the cause ot^ the trouble and sound the tank to 
determine -the quantity of oil in , the tank. If the 
oil is above the suction line, the fuel oil is 
contaminated or the suction line is clogged. If 
the fuel oil contains water, he should sound the 
tanks in use and from wJjich oil was transferred 
to find the source of the contamination. 

ENGINEROOM CASUALTIES 

The operational engilierooin casualties that 
might (x:cur include excessive vibration of a 
shaft, vibration of a turbine, loss of lube oil, and 
many others. 

Excessive Vibration of Shaft 

If a shaft develops excessive vibration, the 
man on watch should obtain permission to slow 
the engine imtil the vibration ceases, and speed 
up the other engine to maintain speed, as the 
tactical situation recjuires. If vibration continues 
at all speeds, he should obtain permission to 
stop and lock the shaft to investigate the shaft 
bearings. If the cause is undetermined, he should 
investigate the propeller, fairwaters' (sleeves), 
and rope guards at the first opportunity. 

Vibration of Tiirhine 

If a turbine begins to vibrate, the men on 
watch should, with permission, slow down the 
engine and reduce the superheat temperature. A 
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rumbling noise probably indicates the presence 
of water in the casing, either from boiler priming 
or inadequate casing drainage. 

If the turbine has been standing idle for 
more than 5 minutes without being spun, it is 
probable that the rotor has been bowed 
temporarily; Upon restarting the turbine, 
vibration may be evident and, if so, a brief 
slowing of the turbine will usually permit the 
rotor to straighten. <^ 

Loss of Lube Oil , 

It should be impresjied on all personnel 
concerned that even a momentary loss of floW 
of lubricating oil can result in localized * 
overlieating and probable slight wiping of one or ^ 
more bearings. Such wiping may result in only a. 
ilionientary rise in the temperature of the 
lubricating oil discharge from the bearing(s). 
Damage can be prevented or minimized by 
stopping the shaft rotation and c^uickly restoring 
the lubricating oil flojii^. Continued operation 
with wiped Gearings can cause serious 
derangement to the shaft packing, oil seals, and 
blading. ' ' 

Loss of lubricating oil pressure may be 
caused by failure of the system itself, including ^ 
the main lubricating oil pumps; failure of steam 
or electrical power supply to the main 
lubricating oil pumps; or damage to boilers, 
steam lines, or electrical equipment. 

4 

Failure to component parts of the lube oil, 
system may be caused by the presence of dirt, 
rags, or oth(/r foreign matter resulting from 
improper cleaning. F'ailure of the system may be 
caused by a piping failure, by a failure of the 
operating pump, or by failure of the standby 
pump to start. Standby pumps should be 
maintained ready to start the moment the;./ 
pressure drops belo\v the prescribed operating '^r 
range. If auto4t)atic starting devices are not 
available on steam-driven pumps, the pumps 
should be lined up so that opening the throttle is 
the only action recjuired to start the pumps. 
Steam supply lines to stiyidby pumps should be 
drained continuously. Where electrical pumps 
are installed, personnel should he thorougtily • 
familiar with alternate sources of power. • , 
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The general procedure when low lubricating 
oil pressure occurs is to immediately stop the 
•affected shaft and simultaneously endeavor to 
regain lubricating oil pressure. . 

If 3team presjgfe is available, stop the shaft 
by using the astern. tJirottle. Engage the jacking 
. gear and apply ^ the brake. If the speed is in 
excess of one-half full power speed, stop the 
shaft by means of the astern ^urbine, slow down 
the ship to a safe speed, and then lock the shaft. 
Listen for, and endeavor to locate, the source of 
any unusual or abnormal sounds. After the 
• affected shaft is secured, the shiji's speed may be 
increased td^the limit for locked shaft operation. 

If steam' pressure is lost in one engineroom 
during split-plant operation and the tactical 
situation permits, take way off the ship by 
backing the other engine. Determine the nature 
of the casualty causing the loss of steam. If a 
loss of steam pressure in the engineroom will not 
cause a loss of steam to the other plant, open 
the auxiliary und the main steam 
cross-connections immediately. If the damage 
caused a. loss of steam to the other plant, isolate 
the damage and then open the auxiliary and the 
main steam cross-connections as" soon as 
possible. Stop and lock the affected shaft as, 
soon as steam is available* 



ELECTRIC PLANT CASUALTIES 

Knowing the maximum operating limits of 
the electric plant is of prime importance during 
casualty operation. You must know the 
maximum allowable bearing temperatures, 
generator winding temperatures, maximum 
generator loads, etc. 

Supplying vital power during • casualty 
operation may require that generators be 
operated under overload conditions. Assuming 
that the prime mover can handle the overload, 
the temperature of the generator windings is the 
determining factor during sustained overloads. A 
portable blower may be used on open type 
machines to keep the winding- temperature- 
within safe limits. 

Operational electric plant casualties that 
migjit oicur include loss of generator, electrical 
fires, loss of lube oil, an(l"(mfrloaded generator. 

\ 



Additional information concerning casualties 
to the DDG-2 class destroyer and the DLG-23 is 
contained in Electrician *s Mate 3 & 2, 
NAVEDTRA 10546-D. This information 
includes' the operation of emergency diesel 
generators and their operation underemergency 
conditions. 



Hectrical Fires 

The proper procedure in the event of an 
electrical fire is for the assigned Electrician's 
Mate to deenergize the power supply to the 
affected controller, power panel, or switchboard 
and make certain that all power is off (normal, 
alternate, and emergency.) Then he reports the 
fire to the engineering officer of the watch and ^ 
the officer of the deck, uses a CO2 fire 
extinguisher -on the fire, and secures all 
ventilation. He should notstand directly in front 
of the panel that is on fire. He should keep low 
and to one side and set a refiash watch until the 
danger of a refiash has passed. The electrician 
should open the panel withVubber gloVes, using 
a rubber mat or boots, as additional insulation, 
to determine and repair the source of trouble. 

If an electrical fire should occur in a 
switchboard with a. generator on the line, the 
circuit breaker should be tripped (refer to fig. 
9-6) and the • Machinist's Mate should trip the 
overspeed trip on the generator and notify the 
control engineroom, which in turn notifies the 
officer of the deck andWhe engineering officer. 

The Electrician's Mate should secure the 
voltage regulator, trip the bus-tie circuit breaker 
and open the feedback circuit .Jtjreaker. If the fire 
' is jn thcMbrward switchboard he should notify 
the after switchboaW watcli^^to open the after 
bus-tie circuit breaker and th^SriJic should use a 
CO2 fire extinguisher on the lire. The damaged 
section of the switchboard' §Ji6uld not be 
reenergized until repairs have been made. 

If an electrical ffre occurs in a genepitor, the 
generator should be secured immediately. If the., 
fire occurs while operating split plaiit, the 
r:iectriciairs Mate should trip the generator 
circuit breaker for the affected generator, close 



the bus-tie^ and use a CO2 firu* extinguisher on 
the fire. II a generator firc^ should ^ccur ifuring 
operation ' with a single generator, the 
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Figure 9-6, -Power distribution (60 hertz) system on a DLG. 
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bus-tic, and close the generator turbine throttle 
valve. The hand-operated lube oil pump should 
be used to maintain lube oil ,pre;^re to thfe^ 
bearings until the turbine is completery stopped. 
After the turbine has stopped; invesrigate* and 
correct the casualty, 



switchboard should be stripped of all nonvital 
circuits and the vital circuits supplied from the 
emergency diescl generator. 

Loss of Lube' Oil 

UponJailure of generator lube oil pressure, 
the electrical load should bcvremoved from the 
affected generator, and the generator should be « 



Overloaded Generatoi;, y 
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interrupted to vital machinery and circuits 
unless absolutely necessary. Vital machinery and 
circuits, include the steering gear, IC 
switchboard, fire pumps, drainage pumps, vital 
auxiliaries in the boiler and enginerooms, gun 
mounts, and navigational ligl^ts.^ 



>^excitation control switch ha§ to be in the OFF 
* ^position before the control transfer switch can 
'^be"* operated), and, then turn the excitation 
control switch .to ON. v 

BATTLE CASUALTIES 



DIESEL ELECTRIC D C. DRIVE 
(FLEET TUG) CASUALTIES 

Operational casualties that .may occur to this 
type of drTve may include casualties to any one 
of the four main propulsion generators or 
^fttg^ "%ie main propulsion motor, and the 
coi\trol equipment and dissociated circuits. 

ft* / .'• >' 

PROPULSION GENERATOR CASUALTY 

. A casualty^ to one of the main propulsion J, 
generators or associated exciter, requires cutting 
the affected ^erator out of 'the series 
propulsion loop. 
^ It is not necessary to turn the' speed 
controller to the STOP position when cutting a 
generator into or out of the propuJsion circuit. 
• Normally, the controller should be brought to a 
-position not higher than the 1 Ith (er\jgif)|e , 
opihdting . at 350. -rpm). When l^^\^^f^r f^ 
generator may b^ cut out of the circuif Wlttlff'iftt? ' 
erigine speed is in exccssf of 350 rpm a5 tfe 
gWiPX'^tpr setup' sWitche^^'tire designed for siich ' 
service. Wait several seconds ',b(^tween, thi^ 
opening of the generafcir's cofttrol switch an{l it«^^ 
setup switch. This [reduces arcj^g at the setup 
switah conta\;ts, arid prcyents^iashover of,thc*; 
generator Commutator. . ' / 

. ■ / , - 9 : ■ ■ 



CONTROL G^ly sole; CASUALTY 



A 

or assyci 

shift c^^' 
confroll 
position, f 
OKlf^ turn 
t 




^ Xo the pilothouse control. cOnsol^' 
^jjc&Stry requires a shift^in co;itrol* 
o *|hC enginerouin station.' Jo 
engin(^£t|raM^ the 
Ttrol stidl^(?ifT|ie^STOP 
e^i^xcitatioi'i^'^^fitrol switch to 
efigineropm-pilothouse^ control 
?^'^i:,^witch to the FvNGINEROOM position 
('fiifl^Oj^trol transfer switch and the' excitation 
coiufSr .switch arc interlocked so that the 



Shell or torpedo hits in engineering spaces 
usually result in multiple casualties to machinery 
and systems. The corrective aption for any 
particular casualty depends on the location and 
extent of damage. While battle casualties differ 
in many respects, the following procedures can 
be applied to most casualties of this type. 

Secure the space or isolate damaged sections, 
as practical, and cross-connect systems or plants, 
when possible. ^ 

.'^'Carry out applicable casualty control 
procedures in the event of damage to machinery 
or piping systems, such as: stop and lock the 
shaft in, the event ,^pf serious damage to. the 
turbine, reduction gear, or the main shaft or loss 
of lubricating oil pressure to the main engines 
and use "^soft patches^ blank flanges, woodeipi^. 
plugs, 'or.other suitable means to repair lube cHl 
Hnes, fresh water llties, salt-water cooling ma|nsj 
auxiliary e-xhaust lines, and OtU^'r low pressure 
-linps. ' \ ' <^ -"/^ J 

; . ir a -vi^upt^e^ stfiam line prevents entry a/f- 
reptffl i^arty 'perjiiOpncr'inta;;^/ space, secure thc^ 
space, by u^fng remoteicontlj^s. f 
take aill-precautiorts to prevent flooding of/ 
tlic space P,ut all available pumps on the bilgesX 
of>ih(J diffna^ed space; plug all holes, and, if 
fios^iblq prQvfirit flooding of other spaces. 
, Extinguish ' fires, , inveistigate |f^rnage, and 
make^i^pairs. to' return rnjichinery or the space 
biack to^ se]rvice,'. if practicable, as ^soon as 
-bossible. ' ■ . , ^.^j 

Ys^^ cpmmunication Jines open and Keep 
'm*ajn ^.cngin^V contrpl advised of the existing 

;coifdits!K)«s. V> * ■ \ , / 



damaqM^^^ 

' In i^lriifV casualfy ^'^livolving damage "to 
<cle(Jtrical't:ab]c^and.e'quipi^ent, electrical cii^cuits 

•'.ihay; be a hazard, if they;if-emain energized. The 
' eirciiirlstances sujjjoundij*^ each case of damage 

;^will djctafe the act^jpn'fo be taken. In cases of 
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serious damage it is usually necessary to remove 
electrical power from all cables in the damaged 
area . to prevent the ignition of combustible 
liquids and gases. Continued operations,, 
howv^ver^ may require the Veestablishment of 
power to undamaged circliits," including those 
thSt extend through Ihe damaged area. 

Splices may be made or temporary jumpers 
maybe run in some cases to reestablish power to 
the required circuits. Ligliting circuits are not to 
bt disregarded in this connji;ction because 
daniage control activities can be seriously 
h'^p^dicapped or rendered impossible by 
ir^dequate lighting at the scene of damage. 

Damaged electrical equipment should be 
isolated from all available sources of power. In 
^ase of a damaged switchboard, all circuits 
feeding to the switchboard froiii remote sources 
^should be deenergized and tagged at the source. 



CASUALTY POWER SYSTEM 

The casualty power system of a DDG-2 
destroyer is described \n Electrician's Mate 3 & 2 
NAVEDTRA 10546-D. The system is limited to 
bare minimal electrical facilities required to keep 
.the ship afloat in the event of damage and 'to^get 
it out of a danger area:'lmportant basic features 
of the casualty power system include the 
- preservation of the watertiglit integrity of the 
ship, simplicity of installation and operation, 
Hexibility of application, interchangeability of 
parts and e(]uipment, minimum weight and 
space re(iuirements, ami the ability to 
accomplish the desired fimctions, • ( 

The casualty power system is a tempiDraVy 

./means of providing power and is not a meaVis of 
making temporary repairs. To retail 
gffectiveness, the system is purposely limited i . 

, its scope. The more e(juipment that is added and 
the more the system is expanded, the greater 
will be tfie possibility . of error in maRing 
connections as well as the possibility of faults at 
relatively unimportanf ^^cjuipment causing loss of 
power at vital. equipment^.^ It^js who probable thaf 
the casualty jSower system, if expand^jd, Would 
be burdened with miscellaneous loads at a time 
when its use would be essential for vital loads. 

The electrical casually power system in a 
typical destroyer is illustrated in the schematic 
diagram in figure 9-7. Ihe system contains no' 




permanently installed cables, except for the 
vertical risers and bulkhead terminals. The risers 
are installed to carry circuits through decks 
without impairing the watertight integrity of the 
ship. A jiser consists of a TSGA-60, cable 
extending" from one deck to another with'a ri^er 
terminal connected to each end for attachmenti 

of portable cables. , ' " ' 

Portable THOF-42 cables in suitable ler 
form_all the circuits required to supply po\ 
equipment designated to receive casualty .] 
While the nounal current carrying capac_ 
TH0F^2 cables is 93 amperes, its casualty * 
rating is 200 amperes. Lfnder normal conditions 
this cable will carry 200 amperes for 4 hours 
without damage to the cable. 
^ The bulkhead terminals carry' circuits 
through bulkheads without impairing the 
watertight integrity of the ship. 

.The power panels supplying^ equipment 
designated for casualty power service are 
equipped with terminals so that casualty power 
can be fed into the panels. These panels can also 
be used as a source of power for the casualty 
povvct-system in the event that power is still 
availabfe from the perm^anent feeders to the 
panels. However, the decision to take power 
from tjie panel instead of the switchboard 
should be based on knowledge that equipment 
on that panel will not be required for the safety 
of the ship. Operating the equipment that is 
normally supplied by the panel plus the 
equipment to be supplied with casualty 
may cause an overload on the circuit breaker 
supplying the panel. Portable switches are 
located in several strategic positions throughout 
the ship for use with the casualty power system. 

In general, the casualty power system 
pr<5vides a horizontal run of portable cable along 
the main deck with risers for the power supply 
and for loads extending to and from this level. 
Rigging and unrigging.casualty power cables are 



described in Elect fician's Mute 
NAVEDTRA 10546-D. 

The ship's service switchboards 
and the cmergency^switchboards, IE 

provided with casualty power , 

^installed on the back of the switchboard. Each 
^casualty power terminal is connected to the 
buses through a standard 250-ampere AQB 
circuit breaker. The circuit breakers have an 



3 & 2, 

IS and 2S, 
:md 2E, are 
terminals, 
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Figure 9-7.— Electrical casualty power s/stem. 



instantaneous (magnetic) trip element setting to 
prevent tripping of the generator breaker or 
fusing of the casualty power cable under 
short-circuit conditions. Connections to the 
buses are between the generator circuit breaker 
and disconnect switch, * 



CASUALTY CONTROL TRAINING 

-Knowledge is the keystone of casualty 
contrQl^.JVlaxijnum knowledge of the operating 
details of the engineering installation should be 
imparted to the greatest possible extent to all 
engineering personnel. Instruction in casualty 
procedures should be based on thorough 
knowledge of the proper and normal operating 
procedures of the plant. Complete familiarity 
with normal operation should be gained by all 
personnel concerned before any alleinpt is made 
to carry out simulat^'d casualties, 

, Casualty control training 'should be a ■ 
continuous step-by-step procedure with constant 
refresher drills. These drills comprise 



ON-STATION training with frequent instruction 
and inspection of watch sections by engineering 
officers and leading petty officers to ensure that 
the men are indoctrinated in the proper 
procedures and are familiar with the installations 
in their machinery space. Instructions pertaining 
to the rrtachinery setup- for various^engineering 
; conditions of readiness should, be well 
promulgated and inspections should be made to 
ensure that these instructions are carrife(J out. 

Realistic simulation of casualties should be 
preceded by adeq'uate preparation. The . amount 
of advance preparation necessary is not always 
readily apparent and care should be exercised to 
visualize the full ^consequences of error, which 
may be made in the handling of simulated 
casualties intended to be of a relatively, minor 
nature. Hence, the simulation of major casucilties 
and battle damage should be preceded by an 
extremely complete analysis and by careful 
instruction to all participants. 

Any new crew should be given an adequate' 
opportunity to become familiar with the ship's 
systems and equipment prior la simulating any 
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casualty th&t may have other than purely local 
effects. In the preliminary phases a so<alled 
DRY RUN is a useful method for imparting 
earjp^knowledge of casualty control procedures 
without endangering the ship's equipmeat. 

Under the 'dry-run procedure, a casualty is 
announced and all individuals are requjfed to. 
report as though action were taken, except to 
indicate that action was only sigiula ted. Definite 
corrective aptions can be made and, with careful 
supervision,- the timing of individual actions can^ 
be made very realistic. Such "dry runs should 
always be^ carried out before any realistic 
attempt is carried out to sirnulate any involved 
casualty, regardless of the state of training. 

Individual casualty procedures should be the 
basis of casualty control training with emphasis 
on operating casualties in the early stages. 
Conducting battle problems before *d crew is 
proficient in . handling operating casualties only 
results in confusion and disrupts the efforts to 
organize and coordinate the teams. A battle 
problem is a sequence tof individual casualties 
which requires individual casualty control 
procedures by the teams, as well as intraplaqt 
coordination between teams. With well 
organized training, in individual casualties and 



with good communications, a crew can 
proficiently handle any battlp problem. 

CONDUCTING AND SUPERVISfNG 
ELECTRICAL CASUALTY PRILLS 

As an EMI or Chief Electrician's Mate, you 
will be required to conduct and supervise 
electrical casualty drills. This will include 
conducting such drills as fires in generators, 
> switchboards, and" other electrical equipment, 
emergejicy securing of generator^, use of 
emergency generators, stripping switchboards pf 
nonvital circuits, supplying casualty power to 
vital machinery, and others. ^ ' . 

In addition to conducting frequent dry runs, 
you should ensure that all Electrician's Mates get 
some experience in actually performing thfe. 
casualty operations. . The men stationed on the 
switchboard during general quarters will get 
electric plant casualty operating experience 
during general quarters drills. You should ensure 
that the other switchboard watchstanders 'get 
. V- this experience. Always obtain permission from 
appropriate authority, however,, before 
conHucting any casualty ^Irills that may affect 
the status of the engineering plajit. 
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CHAPTER 10 

MAINTENANCE ADAMNISTRATION 



Maintenance of ships can be divided into 
two brbaci categories: preventive maintenance 
and- corrective maintenance. Preventive 
maintenance consists of routine shipboard 
%v.Jprocedures that increase the effective ^ fife pt 
Gf^fuipment or forewarn of impending troiibles. 
Corrective maintenance consists, of procedures 
that analyze and cprrect material defects and 
troubles. The main objective of shipboard 
, preventive' maintenance is to prevent 
breakdown, deterioration, and malfunction of 
equipment. If, however,' this objective is not 
reached, the^alternative is corrective 
maintenSmce-repairing or replacing the failed 
equipment. 

In the past, shipboard maintenancip progi^ifis 
varied from one command to another, resultifig 
in various degrees of operational readiness. The 
system now in use is the Navy Maintenance and 
Material Management (3-M) System. M is 
designed to upgrade^th^LQ^ratiqnal readiness of 
ships. The system is iirms^uced in Military 
Requirements for Petty (Officer 3 & 2, 
NAVtiDTRA 1 0056-C and Military 
Requirements for Petty Officer 1 & C, 
NAVEDTRA 1 0057-C. We recommend'that you 
review that material before you begin this 
chapter. 

The 3^M System should not be considered a 
**cure all** for your equipment and maintenance 
problems. The procedures of the system are 
intended to obtain * the most accurate and 
complete information possible by^ collecting 
vis^iport^- directly ship's m4intenance 

personnel.. The rSports .are analyzed, and the 
results ar^ ^^t to^ maintenance activities, 
.« logistics, activities, and design activities in the 
form of Mmprove'd procedures and/or 
recommendations' for design changes.. The 



system also produces a large reservoir ot 
knowledge about equipment disorders, which, 

.when fed back to the appropriate squrees for 
analysis, should result in the ""distribution of 

. inforrnation regarding corrective steps to prevent 
recurrences. Obviously, the correctness of the 
results depends on the accuracy of the basic 
reports. 

The 3-M System, , like any other system or 
. program,'' is only as j^feyd as the personnel who 
make it work. Your rble in the system -as a PQl 
or CPO will include the training of lower rated 
personnel in its use, as well as the scheduling and 
supervision bf maintenance. In addition to the 
information found in Military Requiremen ts for 
Petty Officer 3 & 2 and Military Requirements 
for 'Petty Officer 1 & C, details on the system 
and changes related to it are. available in the 
Maintenance- and Material Management (3-M) 
Manual (revised). Other sources of information 
include OPNAV Instruction 4700.16 (revised), 
.the NA VSEA Journal, and directives issued by 
ty i^je xo m m a n de rs . 



SCHEDULING Of; PLANNED 
MAINTENANCE 

The planning and scheduling of planned 
maintenance., is accon^plished through the 
Planned Maintenance Subsystem (PMS). In 
addition, the PMS defines the MINIMUM 
maintenance required, controls its performance, 
describes the methods, materials, and tcfOls to be 
used, and iyds in the 'detection and prevention of 
impending casualties. These factors should prove 
to be a definite asset to the.leading petty officer 
' in forecasting future material requirements and 
. in the proper* utilization ofjK'ailable manpower. 

\% ■ ' ' . 
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It should be noted that the PMS DOES NOT 
cover certain operating checks and inspections 
that are required as a norma! part of the regular 
watchstanding routine. For example, you wi ' 
not .find 'such things as hourly voltage anu 
current checks or routine gyro checks listed as 
maintenance requirements under the PMS. Even 
though these- routine operating checks are ndt 
listed as PMS requirements, you must, of course, 
.still perform them in accordance, with all 
applicable WatchstandeY's instructions. 

The Planned Maintenance Subsystem is 
based on the proper utilization of PMS Manuals. 
Maintenance' Requirement ,Ca;ds (MRC's). and ^ 
schedules for the accomplishment of planned 
, maintenance actions. « . 

The PMS uses the Cycle Schedule the 
Quarterly Schedule, and the )Veekly Schedule to ' ^ 
simplify the scheduling of planned, maintenance. 
All required planned maintenance- actions are 
programmed throughout the overhaul cycle of a 
ship. In addition, the system is Hexible enough 
to readily accommodate any. changes in a ship's 
employment schedule. The schedules ■ are 
discussed in detail inMilitarv Requirements for 
Petty Officer I & C, NAVEDTRA 1 0057-C 



RECORDING OF MAINTENANCE ACTIONS 

^- * . 

The Maintenance Data Collection Subsystem 
(MDCS) prcj^vides a means of recording 
•.^formation concerning both planned, and 
corrective maintenance^ actions. Maintenance 
performed is recorded by. code in sufficient 
detail to collect a great variety of information 
concerning maintenance actions and the 
performance of the equipment involved. The 
ponies used in . recording and reporting 
. 'mamtenance actions permit machine processing 
with automatic data processing equipment. The 
system also provides data concerning the" initial 
discwery of a malfuncticirii- M.-f^ eqiiipment 
malfunctioned, how many hpUpr^hc equipment 
was in operation. Whict^M equipment was' 
Involved, what repair p4rts^cl-..nlatvrials were 
^used, what delays wc^ro inptirji^af;^^^^^^^^^ for 
"delay, and the technicalVpecialty orwork center 
which performed the mairi'ienance. Eacih 
maintenance actibn is reported in this manner, 



except for the routine preservation actions such 
as chipping, painting, and cleaning. 

The shipboard installation of the 
Maintenance V Data Collection Subsystem 
includes a central, functipnal data collection 
center. The primary function of the shipboard 
data collection center Is to screen all documents 
for completeness and accuracy before they are 
forwarded to the data processing center. During 
the screening process, the data collection center 
adds a four-digitmaintenance control number to 
each document unless the person, doing the task 
has already jecQived and entered a itiaintenance 
control niimbef to obtain -parts or materials 
' trom the supply department. 

Initially, the effectiveness -of the MDCS 
depends on the accuracy of the report by the 
individual performing the maintenance action. 
Leading petty officers are responsible for 
ensunng that all forms used in connection with 
the MDCS are complete and accurate, beading 
petty officers, should also ensure tha.t a form is . 
submitted for each applicable action, and that 
no action is reported more than once. 

EQUIPHENT IDENTIFICATION CODE 
MASTER INDEX (EIC MANUAL) 



All personnel having any responsibility for 
maintenance actions must know how to use the 
EIC Manual. The EIC Maiuidl contains many 
codes used in reporting maintenance actions. 
Each major system is coded and broken down to 
a level which identifies it. This, in turn, will help 
you maintain your equipment. TJie following 
example shows you how to obtain >n EIC 
number. You want the slip rings on the rotor of 
thc-steani turbine driven 60-Hz ship's service 
generator trued and cleaned. Look in the EIC. 
Manual Index table of contents:' Notice that the 
electric power .generation systems code is 
3000000. Now turn to ' the Me indicated -to 
find. the further breakdown. Yoii' will notice tliat 
the generator set, 6O-H7,, steam turbine driven is 
3 1 OC 0 0 0..^vj]ie . ri.umb,er 3 iden tifie's the 
coqiponeftt ;^ : electrical power generation 
systems. Tlg^pf identifies the component as 
ships sefvice,_60-Hz, steam driven. With this • 
code you have identified the co'iTiponent of .the 
unit where a problem is located. This 
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information can aid logistics personnel in 
supplying spare parts and engineers in solving 
design problems. 

MDCS DOCUMENTATION , 

Information, for the MDCS iis documented 
on standard forms such as the Maintenance Data 
Form, and the Feedback Report. Detailed 
descriptions of the forms are listed in Section^^I 
of the EIC Manual, the Maintenance a)id 
Material Management ( 3-M) Manual ircwiscd), 
and the Militatv f^'b\iuirements for Petty Officer 
3& 2, NAVEDTRA 10Q56-C. ^ 

MAN-HOUR ACCOUNTING SYSTEM 

■ \ : r . : 

The Man-hour . Accouriting ^ System, 
sojnetimes referred to as Exception Time 
Accounting t^TA), is used by 'the repair 
department oi' a repair activity in conjunction, 
with the MDCS. It is basically a- management 
tool and accounts for deviations from a normal 
7-hour working day. - 

ETA "ineludes. the V ii^e of tocl<?s, the' 
preparation of a Master R6ster Listing, and the 
preparation and submission of Daily Exception 
C^rds (OPNAV . Form 4700-'2E). . Detailed 
procedures for using the card are discussed in 
the Maintenance and Material Managonent 
13-M) Manual (revised)' and the Military 
Rccfuiremhnts for'Petty Of peer 1 c£ C 



; REPAIRS AND ALTERATIONS 

A^ a senior petty officer, your concern with 
repqirs'and alterations depends to a.great extent 
oh where you'stand in the chain of command. In 
the following section we will consider several 
axeas of a ; repair .peripd and cover various 
definitions. , . V ' 

■• A REPAIR is defined in'.V^r.r R<>}^nlati()JLs as 
"work nece$;5ary to restoi'e ii ship or article to 
serviceable condition .vyithoyirchange in design, 
■ }iat«ria*s, number, loci^tion,' or relationship of 
•the. component pahs'' ayd an ALTERATION is 
defined pas "aqy change i^ the^^hull, machiiTCjy, 
, equipment, Ifr fitrings.whi^ch involves a change m 



design, materials, number, .loca^on, or 
relationship of the component p^,rts of an . 
assembly regardless of whether it is undertaken 
separately- from, or ' incidentiil to,^, or in 
conjunction with, repairs." 

,A.NAVALT is ^n alteration that affect§ the. 
military chardcjenstics of a .fiaval vessel. 
N'AVALTS are identified by the word 
INAVALT^ and a number, if any, assigned to' the 
project in the Ship Improvement Guide. (The 
issuance of a Ship Improvement Guide project 
card, or a dass Improvement Plan ..which • 
describes thjpr^alter'ation, indicates that the 
alteration hds been approved or is under active 
consideration.) The document that describes the 
alteration in detail and. lists the specific .vessels 
to wiiich it is applicable is also known as a 
NAVALT. • 

A ^SHIPALT is ,an alteration under the 
technical cognizance of NAVSEA, regardless of 
.v/hether it affects the military chai;3cteristics of 
a.vessel. Thus, some alterations may be both 
NAVALTS and SHIPALTS whereas: others may 
be only SHIPALTS. The document that 
' describes an alteration, and list's the . specific 
vessels to whicli, it is applicable is also known as 
a SHIPALT. ' . 

Each SHIPALT is identified by a composite 
number consisting of two serial numbers and. a 
letter. Serial numbers are assigned 
chronologically in the order in. which alterations 
.•arc approved. The first^ seriiil number is tlie 
TYPE SERIAL NUMBER (fhe.pumber of the 
alteration wiThin'a type). The letter indicates the 
expenditure account chargeable. And. the second 
serial number is the 'SHIP SERIAL NXJ^MBfif 
(the number of the^alteration for a spe<^|fc^i^ 
within tlie type)'. ^ .. :f . ; ^V '^'^^^ 

For example/ consider SHIPAlj^t^jS^^ 
150A70-FORRES.TAt. ^ CV ,is the shiprtVpe 
designation, (in Ihis case anattack carrier); 150 
indicates that, this is^ the ISOth alteration 
approved fcH-VV's: "A" designatea the. account 
to which the charges will be made! • \ • 

TYPE AVAILABILITIES , ' 

A VA I L AB (LiTY is (,\eimcd ' in .XV/^y ^ 
Regnlati'ons^ 'ds'^^'^ihi^ period of time assigned a 
.'ship\ b'f cpliipetent • authbri'ty fo(jr..'the V- 
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.uninterrupted accompjishrabat; .of work which'" 
requires . services of- a repair afctivity ashore or 
afloat/J' , i : 

To say that a ship has been* granted an 
bioavailability means simply that;she is available for 
maintenance - work because / a cojnpetent 
authority, usually the flfee't ■ commander, has 
suspended heroperational schedule for a specific ^ 
period. to permit accomplishment ^c^^'work at a 
repair aQtivit-y. A repair 'activity may. request 
that availability be extended so ,^hat work can be 
completed; or llr^' activity n'lay recommend a " 
completiprt date to the proper auttiprityl. . * 

There are four availabilities for shipyard or 
other shore-based repair activities. These arii 
regular overhauls, restricted availability, voyage 
t^pairs, and technical availability. / ' . 

>, A regular overiiaul' is normally scjieduled in . 
advance and in accordance with an established 
cycle, to accompUj.h general repairs and 
alterations. Th^^ rostr.cted availabfiftty is assigned, : 
only far specific item^ of work; fiormtiliy ' with . 
the shi^ present. During a restricted availability 
the -, ship is Tendereil . ihcapable *of ■ fully 
perfpfming its assigned mission.' Voyage- repairs , 
^are emergency work 'necessary to en;ible tlie ship 
toxoritihue on its mission.; These repairs must be 
accomplished without a change in' the ship's 
operating schedule; 'A technical .avifilabiJity is 
assigned^ for specific, items of w^rk, normally 
with^ the -ship not preseht. :As opposed (o a 
restricted availability, fa technical ' availability 
iQayes fhc ship fully capable of perfonmng it.s 
•assi^ed missi'dn. * . ' ■ . 

Fox tenders or rep^iiV ships," tour other 
availabilities are ' assigned?;' these arc^ regular 
tender availability,, emergency tender 

availability, "parent tender/autpmaticavailability', 
«ind concurrent .Availability ;., ; , / / 

A jegylaj-^ tender, availability . is normallj 
scheduled ih fadvani^|, for;gener;al':re'puirs anc 
aMthprized alteratio^jtV which >re bey op d. t he- 
capacity ..of ahe ship;i^ \'forLe' alongside.' An' 
emergency tender , ^ai lability^ - is assigned- to 
render., rc-p^rs ao • j;p.Ci:ific casualties. These 
repairs take first jirmn'ty - over . other len'der " 
work. A parent tendeVautoniatic aVc-rirability is-, 
use'd to accomjilish Itoms of^M^rk usuaHy on k 
ship-to-shpp basis. Tlie repairs are: noniiaMy bf a 
Honoperational nature -. and -are done qh an 
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unscheduled basis. Corfcufrent availability is 
/scheduled to coincide ^with the regular shipyard 
overhaul or restricted availability for the 
accompUshment of ship-td-shop work by a 
tender or repair ship. ' \^ 

Support availability is for specific items of 
work for units or commands other than a sji^ 
(such as an afioat staff or shore-basect activnty). 
• Any availability for the accomplishment of wocjc 
pn a naval reserve training (NRT) ship falls 
underpin NRT ship availability, ' . 

To illustrate; let us use a motion picture 
projector to'learh when routine r<ipair work can 
be accbjmplished by a repair facility. 

Motion picture- prbjectors are sent to a 
motion picture equipment repair facility, tender 
or repair ship every WOO hours of operating- 
time; when maintenance, is.be.yond the technical 
skills of personnel aboard the. comitiaad; or- if. 
the n(^cessary totals and gages, are not.availaM^- 
aboard the^'commarld. 

' ' Support availability and NR'J.; v ship " 
availability are 'two availabilities wllicJi 'paj^^rbe . 
assigned to either sivp or shore repciir facilities. 

^The' projector will normally be ^ent a 
repair facility, tender,''or repair ship during any 
of. the abpve^ availabilities except, during 
restricted availability, voyage repairs, technical 
availability „or-anaergcncy tender availability . 'in 
practice .the projector could be sent even during 
these. availabilities as long as it does not interfere* ^ 
'V^th the prim^iry repair n]issibn or the repair 
activities nol-nt^worl^ lo^d:' ^ 



Tl^EPAIR P^IOCEDURE 




\. As a first class or chief petty 4^icer,- yoV ' 
Will sometimes be Tequired to supervise or 
oth^rrwise .participrate in general shipboard repair 
ofr other ^repairs to EM areas. Tjiis section on"^ 
repair proc^cdures . will hel]T : you bcrfter 
understand the iwrmai; or required/ repair 
procedures^ ' : ^ 

REPAIR^SfllPS ANfTTENDE^lS; A ' • / 

Originally, the repair.ship (AR) wa^ 
riiv,anly for! repairing battleships and cmisers > ~ 
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During World War 11 several types of repair ships 
were developed for 4;pecialized types of work; 
for example, the landing craft repair ship ( ARL). 
Repair ships perform repair and maintenance 
' functions that are beyond the capabilities of 
other ships' facilities or personnel. 

Tenders perform repair work, supply repair 
parts, and render other services to the ships they 
s6rve. At present thea^ are twa types of tenders 
in service; the destroyer tender (AD) nnd the 
^bmarine tender (AS), ^ 



additional precaution, keep a ready r^iVirert^ of 
serial numbers. Technical «iap\jal5*' lihd > 
blueprints should be available jKj^ ^pj^ir 
facility, , Nonetheless, require a checkout fnorti a 
competent repair facility represcntatWe*- on *all 
documents. If you show the facility ^f- good, 
efficient electrical shop, the facility wilTbe more 
inclined to give you their b^^st work. 
* Completed jobs should be operaltionally 
cl^ecked beVore you ask the assigned of|*iccr^to 
sign' the job off as completed. . 



UPKEEP PERIOD \ 

Generally, the 
V^uthorize a 2>week u 
a tender or re^pair shiQ 
in repairs. To ensures 
pl^ln in advance (with 
maintenance you de 
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sire 



commander will 
riod during which 
^^'arilable 4o assist 

f;§i^n u^t^^^ 
ace o m p Ifs^; ^^^s a 
Group Leader, you should also look Tnt(3 such 
factors as personnel leave and dental care which 
may affect your scheduling, A-Vgood upkeep 
requires good planning. 

Arrival Conference v ' 

On the first day, if not before, an upkeep 
period, an arrival conference will be Hdld aboard 
the repair facility. Your commanding officer 'and 
your engineer officer Will discuss your needs 
with the facility personnel. This discussion will 
include scheduling', services, messing, etc. Your 
work requests should be made out in such a 
manner that ' your jobs will be considered 
favorably. " . . \ 

Upon completion of the arnvaNconfqrence, 
the engineer officer will^ promulgate a schedule, 
.and you should modif^i.. your planning to 
conform with it. 

It is important that you bring ship-to-shop 
itenis such as motors, coils, and meters to the. 
tender as scheduled, A personal vjsit to the 
electrical and IC repair shops is often quite 
beneficial. Many details can be discussed over a 
cu'p of coffee. You should also follow up your 
jobs to ensure receipt of proper maintenance. 

It ■ is good practice to tag' all equipment 
before it goes to the facility and, as an 



»AVAL SHIPYARDS ^ 

" f 
Periodically your ship will undergo extensive 
repairs in a naval shipyard. The condition of 
your equipment when you leave the snipyard 
will depend on the yard assigned and your ' 
initiative. 

The planning department of the yard screens 
and assigns all work requests to the. production 
department which is responsible for^the work 
beint^ done. 
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As an Flectrician's Mate^ you will have 

occasion to deal with niai^y shops in the naval 

shipyard. Of primary concern will, be Central 

Toolroom (Shop 06), Public Works (Shop 07), 

Electric Shop (Shop 51), and Riggers (Shop 72), 
■ ' f. 

Personnel 



The ' technicians and repairmen of a naval 
shipyard have ratings just as yoU have. These 
men have advanced experience and their rating is 
a source of pride. The current ratings, in 
descending order of seniority, are Group 
S u p-e r i n t e n d'e n t , Superin ten dent H, 
Superintendent 1, Gencraf Foreman II, General 
Foreman 1, Foreman (Leadingman), and Ijgader 
(Head). Be °sure you know to whom you ^re 
talking when discussing job progress. 

OVERHAUL 

When your ship is scheduled for an overhaul, 
the planning department of the yard w-ill go over 
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your work requests months in advance of your 
arrival. Again,' the request should be worked but 
by you and your division officer to the extent 
. required by the planning department personnel.' 
A naval officer famihar with the shipyard 
will be^designated Ship Sirperintenclent He will 
be assigned by the yard to ensure the adequacy 
of facilities and the expedition of work- 
Generally, this officer is aboard from yofir 
arrival at the yard until your departure and 
should, through the proper chain of command 
be joformed of any delays,' bottlenecks 
personnel problems, and misunde"fttJndings' 
which might t;^d to slow or stop the progress- of 
a good yard overhaul. A Ship Progressman (a 
crwhan from the production department of the 
yard) will ^aiso be assigned to work in 
conjunction with the chip's superintendent to 
expedite your overhaul. ' , ■ 

Progress of Work 

During an overhaul the .ship is generally 
required to submit a weekly report of progress 
to the type coniniarider. To assist in the 
computation of this' report, a "Shipyard 
Overhaul Work Progress Chart" (fig. IQ-I) is 
used. The inspector " (a senior petty officer) 
whose name appears on this chart is responsible 
for keepmg it up-to-date. If you are assigned this 



duty, carry it out to the best of your ability 
.You are the one who indicates the progress 
Iheretore; you are personally res[)onsible for its 
accuracy.. 



Drj^docking 



^ 



Dimng each overhaul, if faciJities are 
available, the ship will enter drj/dock for 
necessary hull work. As a senior petty officer 
you should exercise added vigilance during this 
penod because your ship when drydocked is 
quite vulnerable to severe damage. * ' 

AlKprocedures regarding equipment, fueling 
smoking, etc. should be followed to the letter' 
Ensure that your men are briefed and that they 
comply to the letter of all drydpck regulations. 

Post Repair Trials ' " 

The dock trial is your opportunity to check 
out a large part of the overhauled equipment 
pnor to an underway trial. Ensure that your 
men are stationed at all indicators and that each' 
mode of operation is "checked out" A 
complete check of all systems is required 

The post repair trial is the final test. Accept 
nothing but optimum performance from 'your 
equipment. Check every item and every mode 
I his IS the checkout that counts! Every 
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dtscrepancy, no matter how small, shouJd be 
R*portv*d^to the electrical otTici^r. 

A readiness-for-sea jK^riod of approximately 
1 week follows during which all 'Moose ends'" 
should be tied up. A good overhaul starts when 
your ship enters the yard and ends with the 
R'adiiKss-for-sea trials, it all depends on you and 
your interest in the job at hand. 



INSPECTIONS 



To maintain the high standards or|elvdiness, 
. efficiency, and morale on bcKiVd naval vessels. 
■ frequent and varied inspections are required. As 
.a senior electrician, you muV\be an inspector or 
you* m:iy be inspected. .TIk\ tWal section of this 
chapter will deal with the typ^s of inspections 
generally encountered. /_ 

ADMINISTRATIVE INSPECTIONS^ 

Administrative inspections cover tlW general 
administration of the ship as a vyhole ami the 
adininTstration of each department. X^iis 
discussion wili apply mai^nly to the engineerins^i 
jdepactmcnt. r 

The purpose of an administrative inspection 
i^ twofold. One. to learn whether the' 
engjneerhig department is being administered, in .. 
an intelligent, sound, and efficient manner. And ' 
two, to determine whether the organizational 
and admrriistrative methods and procedures are 
directed toward the objective of every, naval 
ship, namely, the readiness to >carry out her 
intended mission. 

GENERAL INSPECTION 
OF THE SHIP 

Items ii' this section refer to the ship as a 
whole. Since you have a responsibility for junior 
men, they too should be borne in mind. Their 
appearance and that of their living spaces are of 
paramount importance. 



Inspection of the 
Engineering Department 



A departmential checkoff is accomplished tor 
all records and Reports which are niaintained. To 



•prevent delay, you should ensure that these 
reports are accessible. There is no reascj)n to 
*'beat around the hush/* Answer (|Uestions and 
display your records in such a fashion as to 

^expedite the ins[fection. (uades aro^iLissigned as 
Outstanding, Hxcyllent, (iood. Satisfactory, or 
"Unsatisfactory. Hard work and proper 
pa^paration' yields the former: the latter is a 
result of poor "work and pool .planning. A 
critique follows, the inspection during which 
deficiencies are covered and'the inspection party 
gives explanations tor grades given. , 

. 'i* 

OPERATIONAL READINESS 
INSPECTION A; - 



The aim o.f^:'^'^;/ihs|KYtion is to testator 
combat readine'sl. j^Vj.fcalistic battle problem is 
set up during wlijj:1i:(he. sihp's'crevv goes through 
evolutions as tielir. -to ^battle conditions as 
possible. Various pfoblems are .imposed such as 
loss of steering, partial loss of distribution, etc. 
This is where the training you and ycnn- men had 
in casualty and damage control has its proving 
ground. This inspection is based not only on 
>WIX ^ knowledge and abilities relating td the 
ship's electrical systems, but also _,pn 
coordination a^-d teamwork. 

matbiIiaIl Inspection 



o pt 




Your . equipment and your ^diligt^ite in 
mairitainfng it are the paramount Items 
.considered in a material inspection. .The .Board ' 
of Inspection and Survey ,. when directed by the . 
CNO (usuairy every 3 years), inspects the shipi^'^ 
for material condition prior to regular overhaul. 
Their purpose is to ascertain the suitability of 
your, ship tor naval service and which repairs, 
alU^rations? and design changes should be made. 
New v^^ssels must be inspected by a Board prior 
to tnial acceptance. ^ ' 

Forces Atloat Inspection Teams will..>in all 
' likelihood/ be composed of men from* another 
.$hij) of your class. This inspection is conducted 
using standard forms and is preceded by 
f*.^condition sheets upon which you list your 
|5j^equipment status. Various pieces of eciuipment.- 
will Require securing, opening, and partial 
disassembly.' 
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A critique tvill follow and a final report is 
sent to the type commander. . , . 



OPERATIONAL TRIALS 



Various trials arc run periodically pn nayal 
vessels. These include builders, pa-liminary 
acceptance, final acceptance, post repair, laying 
up or pa-overhaul, recoin missioning, full power 
and economy. 



Generally, the lull powvr and econoby trials 
scheduled by the type commahder are of 
interest to all engineers, and the primary task for 
the electrician's mate is recording the 
switchboard instrument readings at prescribed 
intervals. 

The other trials mentioned will vary in 
wori^ioad dependjJig on the amount of repairs 
which have preceded them or the equipment 
being tested. ■ . , * 
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yisual landing aids (VLA) are a complennent 
to the Light Airborne Multipte Purpose System 
i(LAMPS). LAMPS is found aboard nonaviation 
ships and consists of ship and air integration in 
. which a helicppter is used as an extension of the 
shipboard surveillance and> attack systems. The 
ori^nal integration concept of LAMPS was 
limited to daytime operations and fair-weather 
conditions. Because of increasing demands for 
all-wither arid night operations, a lighting 
system (VLA) was designed tp, aid the LAMPS 
>^ concept. VLA consists of specially designed 
lights to provide the helicopter pilot with: 

* r . 1 , An initial visual contadt with the ship 

2. A safe glide path to the landing area 

3. Precise information (visual cues) relative 
to the ship's deck position and any obstructions 
that m"ay be present during launch and recovery 

'operations . 

\ , 4. Visiial indications for helicopter in-flight 
refueUrag (HIFR) and vertical replenishment 
operations (VERTREP) 

^ .• ^ 

5/ A lighting system to signify any 
, unacceptable landing conjiition aboard' the ship 

* \ 6. Various other lighting systems to aid the 
pilot Mn operating under the more demanding 

* environmental conditions on nonaviation ships. 

All components of the VLA (fig. ll-l)aissist 
•both the helicopter and the ship in completing 
the assigned mission. 



HOMING BEACON 

The Homing Beacon is a liigh intensity Vhite 
lamp located on the main mast or high on the 
superstructure. It should be visible for at least 
330° in azimuth. The beacon . lias a^inimum. 
effective intensity of 1500 candles ov^Ka span 
of 7° in elevation and produces jftpproximSrtdy 
90' flashes per mirtute. Tlie intensity of tn^ 
beacon light can be varied from 6ia'ckout to full 
intensity by a dimmfiflf control ^ph the lighting 
cpntrol panel. The homing beacon is wired in 
two circuits: the motor which tui;Bs the reflector 
is wired to a fixed-voltage circmt (115 volts), 
while the lamp (150 watt) is vt^'j^jed through a 
stepdowh transformer ( 1 1 5/32 yolts) to • a 
variablevvoltage dimmihg circuit.* 

ST ABIEIZED GLIDE SLOPE 
INDICATOR SYSTEM 

TheA&abilized Glide Slope Indicator (SGSI) 
system (fig. 1 1-2) projects a tri-colored beam of 
•light centered along a safe glide path to the ship, 
Jhe upper sector of the light beam is green, the 
center portion (command path) is art^r, and 
th^, lower sector is red. In operatipr 
helicopter pilot flies into (acquires) tl 
and follows the command path to the 
glide slope indicator (GSI) is mounts 
stabilized platform which '^mpensates 
ship's roll and pitch to keep the projectf^tii^yide 
path steady. ' 

The stabilized GSl systl^m has six major 
components (fig. 1 1-3): . 

1. Electronic Enclosure Assembly 

2. Remote Control Panel Assembly 
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y Figure 1 ^ji^-^GIide slope in dicdtoj^^p 
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Figure 1 1-3.-Stabilized glide slope indicator system. 
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3. Hydraulic Pump Assembly , 

4. Transformer Assembly 

5. Glide Slope Indicator 

6. r .Stabilizec^ Platform 

Electronic Enclosure Assembly 

The Electronic Enclosure Assembly (fig. 
1 1-4) contains the circuits, amplifiers and other • 
electncal and electronic components required to 
control the major components of the system. To 
understand the system operation, it is necessary 
to understand feedback control systenis. A 
feedback control system compares an input 
signal with ? reference signal and then generates 
an error signal. This error signal is thenamplified ' 
and used to driv6 the output in a direction to 
reduce the error. This type feedback system is 
often referred to as a servo loop. A gyro (fig. 
1 1-5), mounted on the stabilized platform, acts 
as the reference df the system. Since the gyro is 





11U75 

Figure 1 1-5.-r-Platform pitch drive. 



stable, synchro transmitters located of) "the 
gimbals will sense any motion of pitch- or roll. . 
As the ship begins to pitch or roll, an error signal 
IS developed by the synchro transmitter stators. 
Look at the block diagram in figure 11-6 and 
follow the path of the error signal through the 
electronic enclosure assembly. (The block 
diagram represents either the pitch or the roll 
control loops. They are identical electrically.) 
From the transmitter stators the error signal is 
sent to the gyro demodulator where the signal is 
changed from a.c. to d.c. The signal then goes 
tJirough a stab-lock relay ([described later) and is 
ampl^d as it moves through the servo ampUfier 
whic«?Tn turn operates the servo valve. The Servo 
■ valve opens 'and allows hydraulic fluid to enter 
the hydraulic actuator (fig. 11-7), thereby 
leveling the platform and thus cancelUng the 
error signal. When this occurs, a READY light is \ 
actuated on the remote control- panel. If the 
system develops a malfunction an;i the error ■ 
signal is not cancelled, an error-sensing circuit ' 
will light the NOT READY light on the- remote 
control panel and turn off the gUdex' slope, 
indicator. ' . . ^ . r 

In the previous paragraph we discussed the 
normal mode of operation in the electronics 
portion of the system: -W sfa^binHfi^ofTTock"" 
feature, (stab-lock relay) tests'and aligns the GSI. 
Refernng to figure 1 1-8, you will see a stab-lock ' 
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Figure 11-6.~Block diagram-stabilization circuits. 
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Figure 11-^. -Stabilized. platform assembly-functional diagram. 
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Figure ll-8.-Components panel assembly 



push button (J) ^nd two test switches on-off 
, ojie of whidi'is pitchjg^ff-roll. As previously 

' mentioned, the error sigfiaTin Jhe normal mode 
goes througl^ a stab-lock relay. "Whcfn the 
stab-lock button is pushed, the normar error 
signal supphed from the^.gyro is stopped at this^ 
point. LooJ< at figure 1 1-9. When the 5tab-lock' 

^button is pushed, the error signal comes from . 
the linear voltage differential transformer 
(LVDT) when the test switch is in the ofr 
position. The core of the LVDT is mechanidaHy 
attached ^t^ the hydraulic actuator which levels 
the plat»rm. As .the actuator moves, the core 
also mVves, ^hereby supplying a signal. 
Propor^ioil^j^ the amount of roll or pitch. * 
TfftS^ x^gnalscan be measured . to aid in -the 



111.178 



^ea la^elfb^ronidf enclosure assembly). 



maintenance and ^alignment of t)ie System. 
Provisions are also made, to drive the platform , - 
manually using the test switches and the manual 
drive potentiometer ((s) iit~fm. 11-8 and-fic 

Remote Control ^ 
Panel Assembly 

Tlie Remote Control Panel (fig. 1 1-11 )3^s 
located in the fiight operations control rooi^. 
This paher provides control and indicators for 
operating and monitoring t-he SCSI from a 
remote location. It contains the READY and 
NOT READY lights ..described previously, the- 
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Figure 1 1-9,-Stabili2ation control. circuits-signal flow. 
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panel also contains two OVERTEMP lights to 
indicate when the hydraulic fluid is heated to a 
temperature higher than 135° F±5f;^a source 
, failure light to ind^icate that one or niore of the^ 
GSI source lights ^ are burned, out; a variable' 
^transformer to control the intensity of GSI light; 
and a panel illumination control. A standby light 
will be energize,d. when" the maiiv switch on"the 
electronic 'enclosure assembly is oh. ■ 

Hydrauji'c Puni|) Assembly * - 

' ■ The Hydraulic Pump> Assembly (tig. l \ ',2) 
is located as close as possible to the stabilized 
platform. It provides hydraulic fluid at 1400 psi . 
to the ^ hydraulic actuator oi? the stabilized ' 
platform. The motor and controller operate on 
440 V 3 0 received from normal ship'^ povyer 

"siTpply. The "temperature switches (not* shown) 
operate the JHIGH TEMP light on the femo^^^ 
control pijfifel. Also, a pressure .^witch in the 
hydraulic pump discharge hne wj||close at l^JOO . 
psi. If not closed, ^the- pressure/ switch wilt 
deenergize the electronic panel assembly oii'low 



oil pressure. Hydraulic: fluid, heaters in tbe^il 
.reservoir maintain the temperature at' 
approximately 90° F±5°, 



Transformer Assembly , 

T^e Transformer Assembly is located as 
dose !fs possible to the ^abilized platform. Its 
purpose' is to step^ down the voltage, for the 
source light (GSI) from 155 VAC to 18.5VaC 



Glide Slope Indicator (GSr) - o 

The Glide'^ Slope Indicator (fig. iM3A) is a 
. cell assembly made up of three 'ifain 
sections-the l^mp house assembly, the 4ight 
tunnel, and the temperature control sectiqn^The 
lamp house assembly (fig. 1 1-1 3B^ contains 
three source lights, a vent fail ^-tO coal ' the 
section, art optical, lens^<not showp), reflectors, 
etc. The ligjht 'turinel provid.es space for th^' focal 
le.ngth of the / lens (o . .4b^ ; utilized. . T)n 
■tefeperiture control sect'i'^n ' (fig. 11 - 1 3C 
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Figure' 11-12.-Hyxiraulic pump assembly. 



contains the^fresnel lens which is sensitive to 
temperature. To maintain constaht temperature, 
two heaters, each having a bloWer, are^mounted 
on' either side of the cell assembly. Each heater 
h controlled by af tljermostat whitb maintains 
the temperature;^! 100° F ±3°. The blowerr 
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ll^^circulate the heatiid air' throughout the cell 
assembly, ^ 

Stabilized Platform Aissembly ^ >: ^ x ^ , 



Th6 Stabilized Platform (fig. 
1 1-J4), which will remain level dtejiajfit^^ t^ pitch 
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Figure 1 1-13.-A. Glidd slope tndicatpr; B. Lamp house assembly; C* Temperature control section. 
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, Figure 1 1-14.-Stabilized platform assembly. 

^nd roll attitude of the ship, provides a mount 
for the GSL The lissembly, sl^wn in" figure 
1 1-1 5,, consists of a'stabilized platform attached 
to two hydraulic actuators (pitch and roll) 
which maintain the platform leveLat all times. 
The block diagram in figure 11-16 shows the 
complete system interconnected. 



Tjie edge lights outline the Periphery of the 
obstruction-free helicopter dec^" area with a 
minimum of Covir lights along each edgAof the 
area. Edge lights are red omnidirectional lamps 
which can be seen in any direction above deck 
level. They are connected to^^the low voltage side 
of a 1 1 5/12 volt stepdown transformer. The 1 1 5 
voft side of each transforrner '(one transformer 
per light fixture) is connected to a motor-driven 
variable transformer whic)i controls the intensity 
of the lights. 

LINE-UP LIGHTS 

i 

The Line-Up Lights are white and flash in 
sequence. They are installed on the deck along 
the line-up line for deck landing. Line-up lights 
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Figure ll-15.-Function diagram of the stabilized platform assembly. 
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Figure 11*1 6. -Stabilized gljple slope indicator 
V system— block diagram. 



are either unidirectional or bidirectional 
dependent on the ship'^s landing capability. Each 
lamp is connected to the secondary side of a 
1 1 5/6.5 volt stepdown transfontjier. The primary 
is connected to a motor-driven, variable 
transformer (intensity) and a flash -sequencer 
(fig. 11-17). . 

FLASH SEQUENCER 

The Flash Sequencer (fig. 11 -J 8) 'is wired 
into the line-up lights to provide the. helicopter 
pilot with additional visual cues and depth 
perception during night landing approach. The 
cam operated unit sequentially flashes 9 to 10 
line-up lights. On Shuis '^with both port and 
starboard approach, tlBflash sequencer must be 
capable of producing flashes (strobing) of either 
port* or starboard line-up lights- ^s Vlected by 
controls on the lighting control pai^l.'^< 



EXTENDED LINE-^ LIGHTS 

Extended Line-Up Lights an 
installed at the forward end of the 




^t€S. lights 
ailed 



LIGHTING CONTROL 
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TRANSFORMER 



TO LIGHT FIXTURE 



Figure 11-17.-Simplified interconnection of line-up \ 
lights. . , .IT 



line-up lights and extend above the flight-dfs^k 
level. In other words, these,lights merely extend 
the line-up lights for>yard to provide the 
helicopter pilot with final position information 
for the touchdown maneuver during night 
landing operations. The extended line-up lights 
'are a rninimum of six individual light fixtures 
either mounted vertically to a bulkhead or on a 
light \)ar assembly mounted to the flight deck. 
Each extended line-up light fixture is connected 
to a 6.5 - Volt secondary of a' 120i6.5 volt 
stepdown transformer. The primariel of the 
transformers are connected to the same circuit 
as the deck-installed, line-up lights. 



VERTICAL DROP-LINE LIGHTS 

Vertical Drop-Line Lights are red and serve 
as an aft extension of the deck-installed line-up 
lights. The light bar assembly is installed 
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Figure tl-IS.— Flash sequencer panel and timer assembly 
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' immediately aft of the landing Jine-up lights and 
contains four to six red lights which extend 
beloNv the flight deck in the vertical plane. These 
lights provide, the heUcoptec pilot with 
continuous line Up during night rf^proach when 
deck-installed line-up lights canjnot be seen 
because of .the ship's motion. The, drop-line bar 
assembly operates from a single 120/12 volt 
stepdown transfonner/enclbsufe assembly which 
is wired to a motor-d/ivenj-^^ariabl^ voltage 
transformer (dimmer). . • ^ . 

TOUCHDOWN LIQHT 

The Touchdown Light is. a 
omnidirectional light located at the center 
touchdovvq circle to indicate to the pil. 
desired^'t^ding spot. The light is wired 
ir5/12-volt stepdown transformer, a 
intensity is controlled by the same di 

the edge lights. - v° 

" ■ i * . ' . 

WAVE OFF LIGHT ' " , 
ASSEMBLY 



wavb^^fkIight system _ \ , ^ 

, Thp' IVaJfe^ff Li^ht (WOL) 'System'nffig^^^ 
11-19) provides a visUaL cue to tHe pilot that 
landing "^conditions aboard the ship are 

* unacceptable. TJle^stem consists of nine major 
components: 

Master Control Panel Assembly ^ ' ; 
Two Rertiote^Panel AssembHes , ' \ 
Two-Plug In^Tunction Bo?^ Assemblies^ 
Terminal Junction Box Assembly 
Two Wave-Off Light Assemblies 
Portable Switch ' 



1. 
-'2. 
3/ 
4. 
5. 
6. 




Master Control Panel 

The Master Control Panel (fig.' 11-20)' is 
located in the flight. control station. It functions 
^ to control the power for the WOL, houses the 
electrpnic circuitry to control intensity and flash 
rate of the WOL, permits operation of the WOL, 
and indicates which station has control. 
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Figure 1 l-19.-Wave-off light system. 
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Figure 1V20.-Master control panel. 
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Remote Panel Assembly - * » 

^ .The Remote Panel Assembly (fig". 11-21) 
allows the WOL to' be operated from remote 
stations located at the captain's bridge and flight 
control station. , ■ 



Plug In Junction ' 
Box Assembly>^ 

Two plug in junction 1:)oxes are contained- in 
one assembly. The junction boxes itre located 
one^on either side ojf the liangar 'door to permit 
plug in of a portable switch to operate the WOL 
x>n the flight deck. / 



Terminal Junction 

Box Assembly . . ' . 

The Terminal, junction Box ^Assembly 
contains the terminals for the connections to the 
WOL and Ihe Master Conirol PaiTel. 



Wave-Off Light Assembly 



7 



The Wave-Off Lights, are located one oh 
either side of the GSI.' Figure 11-22 shows 
interconnection of the WOL system. 

FORWARD STRUCTURE/DECK 
SURFACE.FLOODLIGHTS 



Red or white floodlights are provide/! to 
illuminate any structure forward' of the landing 
area and to' provide greater d^p^h perception to 
the pilot during .night operations. At . least two 
fixtures, -one port and one starboard, must be 
installed and adjusted to illuminate the aft face 
pf the hangar as 'well as structures forward of the 
landing area. Other fixtures are /installed and 
adjusted to illuminate the landing area itself. 
These fixtures are connected to a motor-driven 
variable transformer (intensity). E^ch fixture is 
connected to the low voltage side of a separate 
1 20/30 vo'lt stepdown transformer. 



c 





SYSTEM OM 



WAVE -OFF 



n1 [ofi-i/2ao] 




Q WAVE -OFf' SYSTEM q 
REMOTE PANEL ASSEMBLY 




MAINTENANCE FLOODLIGHTS 

\ Red Maintenance Floodlights are required 
for night^preflight'and postflight maintenance. 
The fioodlight assembly consists of a light 
fixture, laipp-,-, red filter, ^pn/off switch and 
support. The light is wired to the ship^s 120-volt, 
60-Hz, 1 0 power supply. 

. OVERHEAD FLOODLIGHTS / 

. ' .Red or white overhead' floodlights provide 
illumination of the hehcopter deck for support 
,oC night, operations. These lights are rhounted 
above the landing area and are connected to a 

' motor-driven variable transformer. 

* . , . ^ < . ■ 

HELICOPTER IN-FLIGHT REFUELING 
HEADyVG LIGHTS (HIFR) 
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Figure 11-2^.-Remote panel assembly.V 



Helicopter In-Fli^ht Refueling Heading 
" Lights are red and ar^ regfiiired foV helicopter 
refueling operations. These lights give the 
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Figure 11-22.-Wave-off light syrtem. 
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helicopter pilot a visual indication of/the ship's 
heading at all tinjes and provide a height 
refer^ce during in-flight refueling operations. 
- Thl;d«' red HIFR -heading lights are installed 
f6r>yardMo aft on the port side of the ship in a 
line parallel to the ship's centerlin^; (heading). 
Spacing between the lights is approximately 20 
feet, beginning outside the rotor clearance 



■ o • 

distance gffid extending forward. All HIFR 
heading lights are installed at the same height, 
approximately 30 to 40 feet above the ship's 
waterline. All lights are controlled by a single 
on/off switch located on the lighting control 
panel, and are a standard watertight assembly 
consisting, of a lighting fixture, red globe, and a 
1 1 5-voit, Sft-watt rough service lamp, v 
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Figure 11-23.-Lighting.control panel. 



VERTICAL REPLENISHMENT 
(VERTREP) LIGHTS 

"VERTREP line-U{} lights are bidirectional 
fixtures for VERTREP/Hdver approaches and 
they form an athwartship line-up .path at 
. approximafdy 8- to 1 2-foot intervals. Spacing 
between lights is uniform and such that the 
pilot's view of thelights is not obstructed during 
the helicopter's approach. When installd^ in 
landing areas equipped with landing approach 
line-up lights, the VERTREP line-up lights are' 
connected to the same dimmer as the landing 
approach line-up lights. The circuit switching 



arrangement, however, - precludes the 
sirriultaneous energizing^ of both the landing 
approach line-up lights and the VERTREP/hovef 
line-up lights. 



LIGHTING CONTROL PANEL 

' The Lighting CdntroL Panel (fig. 1 1-23) that 
controls the lights in the VLA packafge are 
installed on all ships whicji conduct helicopter 
operations at;^night. This control panel is located 
at the helicopter control station Ind consists of 
switches, dimmers„ and red indicator lamps. The 
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Figure 1 1-24,-Simplified line diagram of the lighting control panel. 
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l^igure 11'24.-Simplified line diagram of the lighting control panel. 
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tjinimcrs arc variable aiito'transforincrs njounted 
in the control panel of remotely located 
autotransrormers controlled by potentiometers 
in the controrpancl. The lighting control panel 
requires input power at 120 volt, 60 Hz and is 
designed to accommodate the applicabk' light 
equipment discussed in tl^e preceding 
paragraphs. Figure 11-24 is a simplified line 
diagram of the lighting control panel. 



MOTOR-DRIVEN VARIABLE 
TRANSFORMERS 



. . -3.. \ 

• ' 111.195^ 

Figure 11-25.— Motor-driven variable transformer. 



Motor-driv,en remote variable transformers' 
(fig. 1 1-2-5) are used in the VLA lighting control 
systair to control the intensity of the vario'us 
lights. There are tour lO-ampere and two / 
22-ami*cre transformers in , the system. The ^ 
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Figure n-26.-Motor-driven remote variable transformer circuij, diagram 
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22-ampere transformers are used with the / 
overhead and decjc surface floodlights and the 
K)-ampere transformers afe used with"* the 
following lights: 

I. Hangar illumination floodlights 
• 2. Line-up lights 

3. ^ Vertical drop-line lights 

4. Edge and touchdown lights 

Input power is applied to the variable ' 
transformer, and. the controlled 0 to 120 VAC ^ 
output is connected to the lights (fig. 11-26). 
The transformer wiper (secondary) is moved by 
the synchronous motor which is controlled by 
the potentiometer the lighting control panel. 
The detector circuit in the position ^etector) 
determines from the setting of 'th?^ remote 
control potentiometer whether tjie motor turns 
in a direction to raise or lower the output 
Voltage. 

The reference power supply in the position 
detector converts a.c. input voltage to d.c.,^and 
the potentiometer in *the control panel 
^termines the magnitude of d.c. reference 
"^voltage sent to the detector circuit. The 
feedback power supply in the position detector 
converts the a.c. otitput voltage from the 
variable transformer to a proportional d.c. 
voltage which is also sent to the detector circuit. 
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The detector circuit consists of a comparator 
and solid' state switches (TRIACS) which 
energize eith^u* tl^e clockwise (I<OWER) or 
counterclockwise (RAISE) winding oMjie drive 
motor, the drive motor rotates the wiper'shaft 
oh the transformer in the propter direction until 
the feedback voltage equals the reference, and 
the motor stops at a position corresponding to 
*the desired light intensity. Cam-operated limit 
switches open the motor circuit and prevent th| 
motor from driving the wiper ofi the transformer 
beyond the upper and lower stops. 

' ♦ ■ ■ ■ ■ 

MAINTENANCE REQUIREMENTS 

The VLA system contains many electrical 
and electronic components which require both 
preventive and corrective maintenance. The^ 
components that we have discussed an this 
chapter contain ,many motorS, controllers, 
blowers, heaters, pressure switches, and lighting 
fixtures that , are exposed to weather. The 
electronic portions are solid state . and are 
' primarily on printed circuit cards. At an 
Electrician's Mate you can realize some of the 
problems which will be encountered both with 
'electrical and electronic^ parts. It is of utmost 
importance that you follow all PMS 
requirements carefully to keep all portions of 
this sy st e nr=--operatihg effectively. When 
performing any corrective action, always refer to 
the manufactlirer's technical manuals. 



: . ■ APPENDIX I 
TEMPERATURE CONVERSION TABLE 

^^^f* / ^"^^^ *° scaIe.ao convcit f,om 

Fahrenheit to Centigrade find equn^alent temperature in left hind column marked C; in like manner 

fiprsO FriTo'c^ converting from Centigrad. to Fahrenheit. 

t. ^ F. • C. 

-12.2 10 50.0 4.4 40 

-11.7 11 51.8 5.0 41 

. -11.1 ^ 12 53.6 5.6 42 

-10.6 13 55.4 6.1 43 

-10.0 14 57:2 6.7 44 

- 9.4* 15 59.0 7.2 45 

- 8.9 16 60.8 7.8 46 
, - 8.3 17, 62.6 8.3 "47 

- 7.8 18 64.4 * 8.9 48 
- - 7.2 . 19 ^6.2 ^.4 49 

- 6.7 20 68.0 10.0 50 

- 8.1 21 69.8 10.6 51 

- 5.6 22 71.6 11.1 52 

- 5.0 .23 73.4 11.7 53 

- 4.4 24 75.2 12.2 54 

- 3.9 25 77.0 12.8 55 

- 3.3 26 78.8 13.3 56 

- 2.8 27 80.6 13.9 57 

- 2.2 28 82.4 14.4 58 

- 1.7 29 84.2 15.0 59 

A, ■ - 

- 1.1 30 86.0 15.6 60 

- 0,6 31 87.8 . 16.1 61 
0.0 * 32 89.6 16.7 62 

+ 0.(5 33 91.4 17.2 63 

1.1 34 93.2 17.8 64 

' 1.7 35 95.0 18.3 .^5 

.2.2 36 96.8 18.9 66 

2.8 37 98.6 19.4 67 
3.3 38 100.4 20.0 6g 

3.9 39 102.2 20.6 69 . 
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145.4 


i 33.9 


93 


1994 


63.3 


146. 


294.8 


147.2 


;,34.4 


94 


201.2 


^ 64.4 


148 


2984 


149.0 


35.0 


95 


203.0 








150.8 


35.6 


96 


204.8 








152.6 


36.1 


97 


206.6 








154.4 


36.7 


98 


2084 








156.2 


37.2- 


99 


210.2 
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APPENDIX II 

; > 

METRIC SYSTEM 



The metric system was developed by French 
scientists in 1790 and was specifically designed 
to be an : easily used system of weights and 
measures to benefit science, industry, and 
pommerce. The metric system is calculated 
entirely in powers of 10, so one need not work 
with the various mathematical bases used with . 
the Eng lish system, such as 12 inches to a foot, 
* 3 feet u> a yard, and 5280 feet to a mile. 

The system is based on the **meter" which is 
one ten-millionth of the distance from the 
Equator to the North Pole. It is possible to 
develop worldwide standards from this base of 
measurement. The metric system of wei^ts is 
bassd on the gram, which is the weight of a 
specific quantity of water. 

Soon after the system was developed 
scientists over the world adopted it and were 
able to deal with the matheniaticg of their 
experiments more easily. The data and 
particulars of their work could be understood by 
other scientists anywhere in the world. During 
the early 1 9th ccritury many European nations 
adopted the new system for engineering and 
commerce. It was possible for these countries to 
trade manufactured goods with one another 
without worrying whether it would be possible 
to repair machinery from another country 
without also' buying special wrenches and 
measuring tools. Countries coul^ buy and sell 
machine tools and other sophisticated and 
precision machinery without troublesome 
modifications or alterations. It was much easier 
' to teach the metric system, since meters can be 
changed to kilometers or centimeters with the 
movement of a decimal point, which is roughly 
like being able to convert yards to miles or 
inches by adding zeros and a decimal instead of 
multiplying by 1 760 or dividing by 36. 



WnTrfRe~exce~ption o^ 
the industrialized nations of the world have 
adopted the metric system. Even England and 
Canada are changing from their traditional 
systems of measure, and the metric system will 
be almost universal by 1980. 

Although the ^metric system has not been 
officially legislated by the Congress, the metric 
system is' becoming more prominent in this 
country. Most automobile mechanics own some 
metric wrenj^hes to work on foreign cars or 
foreign components in American cars. Almoss all 
photographic equipment is built to metric 
standards. Chemicals and drugs are usually sold- 
in metric quantities, and **calorie counters" are 
using a metric unit of thermal energy. 

Because we are allied with countries who use 
the metric system, much of our mihtary 
information is in metricierms. Military maps use 
meters and kilometers instead of miles, and 
.many weapons are in metric sizes, such as 7.62 
mm, 20 mm, 40 mm, ^5 mm, and 155 mm. 
Interchange of military equipment has caused a 
mixture of metric and English measure 
equipment since World War I when the army 
adopted the French 75 mm field gun, and World 
War II when th5 Navy procured the Swedish 40 
" mm Bofors and the Swiss 20 mm Oerlikon heavy 
machine guns. 

It is inevitable that the United States will 
officially adopt the metric systejm. Exactly when 
this happens and how rapidly the changeover 
will depend on economics, since the expense of 
retooling our industry and commerce to new 
measurements wiir be very great. The cost of 
V conversion will be offset by increased earnings, 
from selling machinery and products overseas. 
Another benefit is that scientists use the metric 
system, but their calculations now have to be 
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translated into English' measure to be used by 
industry. 'With adoption 'of the metric system 
Ideas can go directly froqi the drawing board to 
the assembly line. 

The- Navy will be using the metric system 
more durn^ the next few years. Although you 
will find It easier to solve problems using this 
system, at. first you will find it difficult to 
visualize or to estimate quantities in unfamiliar 
units of measure. 

Fortunately, many metrit unit* can be 
- related to equivalent tmrts irrtlic English systenr 
The meter which is the basic unit is 
approximately one-tenth longer than a yard. 

The basic unit ' of volume, the liter, is 
apprpxiniately one quart. The gram is The weight 
of a cubic centimeter, or milliliter, of pure water 
and IS the basic unit of weight. As a common 
wciglit thougli, the kilogram, or kilo, which 
equals the weight of a- liter of water, weiglis 2 
pounds. The cubic centimeter (cc) is used where 
we would use the square inch, and where we 
measure by the fiuid ounce, the metric system 
employs the milliliter (ml). For power measure 
the metric system uses the kilowatt (kW), which 
IS approximately 1 .3 horsepower. 

In terms of distance, a land mile is 
eight-lifths of a kilometer and a nautical mile is 
1.852 kilometers, or nearly 2 kilometers. 

A basic metric expression of pressure is the 
kilogram per sciuare centimeter, which is 14.2 
psi, nearly I atmosphere of pressure. 

When working on foreign machinery you 
may notice that your half-inch, three-ciuarter 
inch, and one-inch wrenches will fit many of the 
bolts. These sizes correspond to 13 mm. 19 mm. 
and 26 mm respectively in the metric system, 
and are very popular because they arJ 
mterchangeable. Hic l3/l6-incli spark plug 
wrench, which is standard in this country is 
intended to fit a 20 nun nut. 



The basic quantities of the.metric system are 
•multiplied or divided by powers of 10 to give 
other workable values. We cannot easily measure 
machine parts in terms of a meter, so the 
millimeter, or one-thousandth of a meter is used. 
Fofvery fine measure the micron, also called the 
micrometer, can be used. It is one-millionth part, 
of a meter, or one-thousandth of a millimeter 
For small weights the milligram, one-thousandth 
of a gram is used. All of these multiples are 
expressed with standard prefixes taken from 
iatiirr - ~ 



micro 
milli' 
centi 
♦deci 
*deca 
*'hecto 
kilo 
*myria 
mega 



=.1/1,000,000 
= 1/1,000 
= 1/100 
= l/IO 
= 10 
= 100 
= 1,000 
= 10,000 
= 1,000,000 



* Rarely used 



Over the next few years the metric system 
will become more used by the Navy as well as by 
the civilian world. You will find it easy to work 
with . once you have mastered the basic terms It 
will be difficult to translate values from our 
present system to the metric system, but this 
operation will become unnecessary once the new 
measurements are totally adopted. 

Tables of eciuivalent English measure and 
metric equivalents are essential when you work 
simultaneously with both systems. The table 
which follows shows the equivalent measures of 
the two systems. The columns on the left have 
the eciuivalent values which are accurate enough 
for most work, and on the right are the 
multiples used to converi the values with a high 
degree of accuracy. 
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CONVERSION OF INCHES^ TO MILLIMETERS 





MillL 
rfllilr 


Inches 


Milii- 


Inches - 




• 






mctcti 




meters 


0.001 


0.025 


0.290 


7.37 


0.660 


16.76 


0.002 


0.051 


0.300 


' 7.62 


0.670 • 


1 7.02 


0.003 


0.076 


0.3 10 


7.87 


0.680 


1 7.27 


0.004 


0,102 


0.320 


8.1 3 


0.690 ' 


1 7 ^3 


0.005 


O.1I7 


0.330 


8.38 


0.700 


17.78 




0.152 


0.340 


8.64 


0.7 10 


18.03 


u«uu / 


0.1 78 




8.89 


0.720 


18.29 




\JtL\Jj 


0.360 




U, / J\f 


18.54 


0.009 


0.229 


0.370 


9,40 


0.740 


18.80 


U.U 1 u 




0.380 




0.750 






0.508 


0.390 • 


■ 9.91 


0.760- 


19.30 


0.030 


0.762 




10.16 


0^770 




0.040 


1.016 


0,410 


10.41 


0.780 


19.81 


0.050 


1,270 


0.420 


10.67 


0.790 


20.07 


0.060 


L524 


0.430 


10.92 


0^800 


20.32 


0.070 


1.778 


0.440 


11.18 


0.810 


20.57 


0.080 ' 


2.032 


0.450 


11.43 


0.820 


20.83 


0.090 


2.286 


0.460 


11.68 


0,830 


21.08 


0.100 


2.540 


0.470 


11.94 


0,840 


21.34 


0.110 


2.794 


0.480 


12,19 


0,850 


21.59 


0.120 


3.048 


0.490 


12.45 


0.860 


21,34 


'0.130 


3.302 


0,500 


12.70 


0.870 


22.10 


0.140 


3.56 


0,510 


12.95 


0.880 


22,35 


'0.150 


3.81 


0,520 


13.21 


0.890 


22.61 


0.160 


4.06 


0.530 


13,46 


0.900 


22.86 


0.170 


4,32 


0,540 


13.72 


0.910 


23.11 


0.180 


4,57 


0.550 


13.97 


0.920 


23.37 


0.190 


4,83- 


0.560 


14.22 


0.936 


23.62 


0.200 


5.08 


0.570 


14.48 


0.940 


23.88 


0.210 


5.33 


0.580 


14.73 


0.950 


24.13 


0.220 


5,59 


0.590 


14.99 


0.960 


24.38 


0.230 


5,84 


0.600 


15.24 


0,970 


24.64 


0.240 


6,10 


0.610 


15.49 


0.980 


24.89 


0.250 


6.35 


0.620 


\SJi 


0.990 


25.15 


0.260 


6.60 


0.630 


16.00 


1.000 


25,40 


0.270 


6.86 


0.640 


16.26 






0.280 


7.11 


0.6^0 


16.51 







CONVERSION OF MILLIMETERS TO INCHES 



^2111 

MlUh 


Inches 


Milli- 


loches < 


Mlilh 


Inches 






Incicio 








0.01 


0.0004 


0.35 


0.0138 


0.68 


0.0268 


' 0.02 


0.0008 


0.36 


0.0142 


0.69 


0.0272 


0.03 


p.OO 1 2 


0.37 


0.0146 


0.70 


0.0276 


0.04 


0.0016 


0.38 


0.0150 


0.71 


0.0280 


P.05 


0.0020 


0.39 


0.0154 


0.72 


0.0283 


0.06 


0.0024 


0.40 


0.0157 


0.73 


' 0.0287 


0.07 


0.0028 


n 41 


U.U 1 u 1 


0.74 


0.0291 


0.08 


0.0031 


0,42 


0.0165 


0.75 


0 n7Q^ 


,. 0.09 


0.0035 


0.43 


0.0169 


0.76 


0.0299 


n in 


0.0039 


0.44 


0.01 73 


0.77 


0.0303 


0.1 1 


0,0043 


0.45 


0.01 77 


0.78 ' 


0.0307 


0.12 


o!o047' 


o!46 


o!oi8i 


9.79 


0.0311 


0.13 


0.0051 


0.47 


0.0185 


0.80 


0.0315 


0.14 


0.0055 


0;48 


0.0189 


0.81 


0.0319 


0.15 


0.0059 


0.49 


0.0193 • 


0.82 


0.032:i 


0.16 


0.0063 


0.50 ' 


0,0197 


0.83 


0.0327 


0,17 


0.0067 


0,51 


0.0201 


0.84 


0.0331 


0.18 


0.0071 


0.52 


0.0205 


0.85 


0.0335 


0.19 


0.0075 


0.53 


0.0209 


0.86 


0.0339 


0.20 


0,0079' 


0.54 


0.0213 


0.87 


0.0343 


0.21 


0.0083 


0.55 ^ 


0.0217 


0.88 


0.0346 


0.22 


0.0087 


0.56 


0.0220 


0.89 


0.0350 


0.23 


0.0091 


0.57 


0.0224 


0.90 


0.P354 


0.24 


0.0094 


0.58 


0.0228 


0.91 


0.0358 


0.25 


0.0098 


0.59 


0.0232 


0.92 


U0362 


f 0.26 


0.0102 


0.60 


0.0236 


0.93 


0.0366 


vO.27 


0.0106 


0.61 


0.0240 


0.94 


0.0370 


vjiO.28 


0.0110 


0,62 


0.0244 


0.95 


0.0374 


0.29 


0.01 14 


0.63 


0.0248 


0.96 


0.0378 


0.30 


0.0118 


0.64 


0.0252 


0.97 


0.0382 


0.31 


0.0122 


Q.65 


0.0256 


0.98 


0.0386 


0.32 


0.0126 


0.66 


0.0260 


0.99 


0.0390 


0.33 


0.0130 


0.67 


0.0264 . 


1.60 


0.0394 


0.34 


0,0134 
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Administration, maintenance, 1 63- 1 
Administrative" inspections, 169 
Advandement system, navy enlisted. 
Alarm syj^em, 113 

starting^contrdl systems, 1 1 3 
Altera tioTi'S'^nd repairs, .16'5 , 
Anfluficiatgr,.'^ failure^ 1 06 
Apjjiencjix 1^' t(4rgperature conversion 
Appendix Iir the metric system, 193 
Automatic 4egau$sing, 76-'85 
AMtorrfiti« voltage regulator, 43-48 
Azimuth jyiowMp system, 1 1 OJ 1 3} 

TQiral^a jiitch folio wup system. 
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B 



Battery lockers, 1 5. 

Battle casualties, 159-161 

casualty power system, 160 
damaged cable and cquipmcrih 

BiUet, EM, 3 



Career program, 1-9 
Casualties, operating, 154-159 
Casualty control, engineering, 147-162 
Casualty control mission, 147 
Casualty control organization, 1 50-1 54 
casualty control board, 151 
propulsion repair party, 1 51-1 54 
repair 5 responsibilities, 154 
watch teams, 1 51 
Casualty control training, 161 

conducting and supervising electrical 
caffi^ulty drills, 162 



Compa?s failure annunciator, 106 ' * v . 
Compeflsation circuit, droop and cross cuiirenti 

37-6) . ' ' v> 

CoThpensation signals, 109 ' ^{ • 
Cqmponefptsj no break power supplies^ J 17 "i ' 
Conditioos pf readiness, engineering', 148-J^O : 
ConnjecHng ^nd disconnecting shore power 

16-19 , 
supervising^ 17 
work aloft, 18 
Control devices, transistorized, 50-75 
Controls, gyrocompass, 1 06- 1 1 0 



^ ■ ■ . ' 

Damp windings, 1 26 
Degaussing, automatic, 76-85 
Degaussing remote control unit, 83 
DieseUlectric d.c. drive (fleet tug) casualties, 

control console casualty, 1 59 . 
propulsion generator casualty,*'l 59 
Direct acting rheostat voltage regulator, 25-30 
Droop and cross curtent compensation circuit 
57-61 ^ . ' 

Duties, 3 ' 



EG-M control box, 141-143 
EG-R hydraulic actuator, 137-140 
EM billet, 3 

duties, 3 
Edge lights, 181 

Electric plant casualties, 1 57-159 
Electric shock, 10 
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Electrical safety precautions, 1 2 
battery lockers, 1 5 

portable metal case electrical equipment, 

removing meters and instrument* 

» transformers, 16 - 

servicing switch boards, 1 5 
solvents and volatile liquids, 13-15 
. work area safety, 12-16 , 

Electrohydraulic load-sensing speed governors, 

135SMi5 / 
Enforcing^/ety, 22 ( 
^ -^»eriife'jtasualty control,/l47-162 

[ieering^^nditions of readiness, 148-150 
^ ^'il^iliaAW 148-150 
^ijipr^p^d^ ^ 
aejrt ijdentiucation code master index 
(tiTK^jiianual), 164 
Equipment, test, 1^-21 
Exciter, 50 

Extended lii^^up lights, 1 82 ^ 

Field flashing,'''^? 
Flash sequencer, 182 

FoUowup systems, 100, 1 10-1 13 ^ 
'toimuth^ 110-113 
.spider, 100 

Forward structure /deck surface floodlights, 186 
Free gyroscope, 86-93 - 

converting the gyroscope into a compass, 
90-93 

effect of earth's rotation, 89 > 

gyrocompass errors, 93 

gyroscopic properties, 87-89 

three degrees of freedom, 87 < 
frequency difference monitoring^^ircuit, 70-74 
Frequency discriminator, 124-126 
Frequency and voltage regulation, 2349 



^ General inspection of a ship, 169 
' . Generator field rectifier, 1 22-1 24 
Gyrocompass controls, 106-1 10 

compensation signals, 109 ^ - 
meridian gyro control system, 106-108 
slave gyro control system, 108 



Gyrocompass records and logs, 113-1 1;^ 
Gyrocompasses, 86-1 16 ' 



H 



Helicopter in-flight refueling heading lights, 

18(5-188 
High voltage warning sign, 19 
Homing beacon^ 171 



I 



. Inspections, 169 

administrative, 169 
general, 169 
rriaterial, 169 
. operational readiness, 169 
Inverter, Static, 126-J34 



Jury rigs, 21 



Lighting control panel, 1 88rl 90 
Line-up lights, 181 i f 
Load signal box, 143-14^^./ •/'^ 
Logs and records, gyrocd?ip(jj([&, 113-115 



MDCS documentation, 165 
Maintenance actions, recording of, 1 64 
Maintenance administration; 163-170 
Maintenance floodlights, 1 86 
Maintenance, no break power supplies, 126 

damp windings, 1 26 

oil soaked windings, 126 . 
Maintenance and repair, gyrocompass, 1 1 5 
Maintenance requirements, 191 
Man-hour accounting system, 165 
Material inspection, 169 
Meridian gyro control system, 106-108 
' Metric system. Appendix II, 193-195 
Mission of casualty control, 147 

casualty correction, 147 

casualty prevention, 147 ' 

casualty restoration, 146 



5^ 



197 

210 



EKLC 



' Monitor circuits, 119 

Monitor, synchronizing, 63-74 
Motor-driven variable transformers,' 1 90 

N 

* . 

NavPers and NavEdTra publications, 5^-8 
NavSea publications, 8 
Navy, enlisted advancement system, 3 

quaiifjjjing for advancement, 3 

who vyill be advanced, 4 
No break ppw^r stipplies and static inverters 
117-134^ . . 

O 

Oil soaked windings, 1 26 
Operating casualties, 1 54-1 59 

electric plant cas^ualties, 157-159 ' 
^ engineroom casualties, 1 56 

firipix>om casualties, 155 

Operation, electrohydraulic load-sensirig speed 
governors, 136-145 

EG-M control box, 141-143 

EG-R hydraulic actuator, 1 37-140 
^ load signal box, 143-145 
^ valve operator, 140 
Operation, gyrocompass, U 5 
. Operation, no break power supplies, 1 1 7-1 26 

frequency discriminator, 1 24-1 26 

generator field rectifier, 122-124 

monitor circuits, 119 

synchronizer, 1 24 

voltage regulator, 1 1 9-1 22 
Operational readiness inspection, 169 
Operational trials, 1 70 
Output circuit, 64 
Overhead floodlights, 1 86 

P 

Periodicals, 22 

Phase difference monitoring circuit, 65-69 
'Planned maintenance scheduling, 163 
Portable metal case electrical equipment, 1 3 
Power, types 1, 11, and III, 23-25 
Precautions, safety, 21 ' 
Promoting safety, 22 
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Propulsion generator casualty, 1 59 
Propulsion repair party, 1 5 M 54 

O 

Qualifying for advancement, 3 

RF radiation hazard warning signs, 20 
Rate training manual, scope of, 4 
Recording of maintenance actions, 164 
> MDCS documentation, 1 65 * > 
equipment identification code master 

index (EIC manual), 1 64 
man-hour accounting system, 1 75 
Records and logs, gyrocompass, 113-115' 
Regulation, voltage and frequency, 23-49 
Regulators, type^of voltage, 25-39 
Remote control unit, degaussing, 83 
Removing meters and instrument transformers 
16 

Repair 5 respoasibilities, 1 54 

Repair and maintenance, gyrocompass, 115 

Repair procedure, 1 66-169 ^/j^- • 

naval shipyards, 167 ' 

overhaul, 167-169 / 

repair ships and tenders, 166 

upkeep period, 167 
Repairs and alterations, 165 

. type availabilities, 165 ^ 
Responsibility for safety, 10-12 ^ 
Rewards and responsibilities, 1-3 
Rigs, jury, 21 ^ ' 
Roll and pitch foUowup system, 1 11-113 
Rotary amplifier voltage regulator, 30-39 

. ■ 

SPR-400 line voltage regulator, 6 1 -63 

maintenance, 63 

operation, 61-63 
SSM automatic degaussing sytem, 76-85 

degaussing remote control unit, 83 

degaussing switchboard, 76-80 

maintenance, 83 

power supply, 80-83 

troubleshooting, 83-85 



Safety, 10-22 

Safety, enforcing and promoting, 22 
Safety, precautions, 21 

enforcing safety, 22 , * 

periodicals, 22 

promoting safety^ 22 
Safety precautions, electrical, 12 
Safety, xesponsibility for, 10-12 ^ 
Scheduling of planned maintenance, 163 
Scope of this rate training manual, 4 ^ 
Servicing switchboards, 15 ^ " 

Servicing techniques for transistorized circuits, 
74 

precautions, 75 
testing, 74 . . 

Ship*s service generator exciter-regulator 
type SB-SR, 50-61 

droop and cross current compensation 

circuit, 57-61 
exciter, 50 , 
field flashing, 57 ' 
maintenance, 61 ' . , 

. manual operation of the fexciter-regulator, 
57 • 

yoltage regulator, 51-57 
Shock, electric, 10 

Shore power connecting and disconnecting, 
16-19 

Slave gyro control system, 108 
Smoke pipe gases warning sign, 19 
Solvents and volatile liquids, 13-15 
Sources of information, 5-9 

NavPers and NavEdTra publications, 5-8 

NavSea publications, 8 

training films,- 9 

Sperry Mk 1 1 Mod 6 gyrocompass, 92-97 

mercury ballistic, 96 

phantom etement, 96 

sensitive element, 93-96 
Sperry Mk 1 9 gyrocompass, 1 02- 1 06 

compass failure artnuWiator, 106 

control cabinet, 105 \. 

master compass, 104 

standby supply, 106 
Spider, 97-102 * 

control and alarm system, 97-100 

followup system, 100 

transmission system, 101 
Stabilized glide slope indicator system, 
171-181 



Static excitatiop-andvoltage regulation system, 
' 39-49 y< 

automatic operation, 49 

Automatic voltage regulator, 43-48 

maintenance, 49 

manual operation, 49 
, parallel operation, 48 

static exciter, 41-43 ' 
Static inverter, 126-134 

functional description, 127-131 

maintenance, 134 

operating, procedure,. 1 34 ^ 
operation cycle, 131-134 ♦ 
Supervipng, 17 

Switchboard, degaussing^76-80 
Synchronizer, 124 
Synchronizing monitor, 63-74 

frequency difference monitoring circuit, 
70-74 

output circuit, 64 

phase difference monitoring circuit, 
65-69 " 

volt-age difference monitoring circuit, 69 



Temperature conversion table. Appendix I, 192 
Test equipment, 19-21 
Touchdown light, 184 
Training films, 9 

Transistorized control devices, 50-75 

Transmission system, spider, 101 

Trfals, operational, 170 , ^ 

Troubleshooting, 83-85 

Types I, II, and III power, 23-25 . 



Valve operator, 140 
Visual landing aids (VLA), 171-191 
edge lights, 181 
extended line-up lights, 182 
fiash sequencer, 1 82 > 
forward structure/deck surface 

floodlights, .1 86 
helicopter'in-flight refueling heading 
lights, 186-188 
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Visual landing aids ( VLA) (Continued) 
'homing beacon, 171 > 
; • lighting control panel, 188-190 
line-up lights, 181 
maintenance floodlights, 1 86 
motor-driven variable transformers, 190 
overhead floodlights, 186 
• > stabilized glide slope indicator 
system, 171-181 • 
touchdbwn light, 184 * ' 
vertical drop-line lights, 1 82-1 84 ' 
vertical replenishment light's, 188 ' 
wave-off light system', 1 84-1 86 
Voltage difference monitoring'circuit,. 69 
Voltage and frequency regulation, 23^9 
Voltage regulation* and static excita'tion 
. system, 39-4^ . . 

Voltagel-egulator^ 51^57, 119-122 
Voltage regulator, automatia, 43-48 



Voltage regulators, types of, 25-39^ 

direct acting rheostat Voltage regulator, 
25-30> 

rotary amplifier voltage reguliator,^ 
30-59 .1^ 



V 



w 



Warning plate for electronic equipment installed 

in smdll crafts, 21 
Warning signs, plates, and tags, 18 - 
Warning tag, .13 

Watch teams, 151 ' : .. 

Wave-offlight system, 184-186 
Windings, 1 26 
. . dimp, 126 

oil soaked, 126 — ^ 
Work aloft, 18 
Work area safety, 12-16 
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■ OCCUPATIpNAL STANDARDS ' 



Kp ^rTRiri^N'S MATE FIRST CLASS (EMIV 

-^ 18 TEST EQUIPMENT . • ' 

18442 Determine appropriate test equipment for tests and 
measurements ^ . 



NET 10546-D 



24 ELECTRICAL MAINTENANCE ' 

24472 Isolate grounds, open circuits, and short circuits in ship's 
service^ and emergency generators and associated switch gear 

24473 Inspect and test-operate automatic starting equipment of 
emergency generators - 

24474 Conduct bench tests on electric governors 

24475 Check logic or solid state electrohydraulic controllers ^ 

24476 ^ Test, inspect, and direct repairs of automatic degaussing 

equipment 

^,24477 Inspect ship's service and emergency switchboard equipment 
when power is secured • 

24478 Estimate extent of casualty to equipment under EM 
cogiizance 

24479 Identify <fnd classify casulaties of motion-pictjire projection 
equipment as repairable at shipboard or tender level 

24480 Remove, test, and replace defective components in 
automatic-degaussing control panels 

24491 Determine type and value of acceptable substitute 
components ') 

214 
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1, 2; NET- 10546-D 

NET 10546-D 
4 

NET 10546-D 



NET 10546-D 



NET 10546-D 
2 

NET 10086-B 
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so MAINTENANCE PLANNING AND QUALITY ASSURANCE 



50934 Qieck electrical operating logs and maintenance records to 
determine if equipment is operating properly 

50986 Review completed maintenance data collection sub-system 
(MDCS) F - - 

. * ■" ^ " 

50987 Prepare weekly schedules of preveritive maintenance — 



54 LOGISTICS SUPPORT 

y ■ 

54§27 Post changes and additions to COSAL 



3, NET I0546-D 



5, NET I0054-D^ . ; 
NET I0054-D 11^"' 



NET I0056-C 



CHIEF ELECTRICIAN'S MATE (EMC) 
$24' ELECTRICAL MAINTENANCE 



24481 
24482 
'24483 



24485 



Test, inspect, and direct repairs of power and ligliting 
equipment 

Test,, inspect, and' direct repairs of static magnetic amplifier 
equipment. 



2, 4, NET 10546-D. 



Inspect, test, and dirfect repair ^ voltage and speed regulators 
associated with 400-^Hertz systems 

■ /-SV, ■ ' ' ■ ' / 

24484 - Inspect,- tESt; -and -direct repair -(if^siatfc iriVerters 



Inspect and direct maintenance and jepair p/ casualty, 
emergency and special distribution 'electrical systems' 



4, NET 10546-D 
4 

4, 5, NET 10546-D 



38 ADMINISTRATION 
38949 Maintain files 



38951 

38952 

38953 

38954 
38955 



Direct operation and control of electrical . distribution and 
interior communication systems and circuits 

Organize work within an electrical shop, establish work 
priorities and assign work 

Plan, organize, arid direct work of personnel operating and 
maintaining electrical systems 

Supervise the qualifications of watch standers 

Prepare, and maintain sliipboard data collection sub-system 
(MDCS) submit reports 

202 



NET 10858-E 



5,. NEti'10054-D 



NET 10057-C, PQS 



NET 10054-D 
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42 GENERAL WATCHSTANDING 



42340 Interpret the duties of the engineering officer of the watch ,EOS§ 

50 MAINTENANCE PLANNING AND QUALITY ASSURANCE 

50984. Estimate time, materials, and labor ^teqUuired^r repair of r ^ 
. electrical systems and equipment 5 

. • ' ' ; 

50988 « Prepare quarterly schedules of preventive maintenance NET 10054-D 

54 LOGISTICS SUPPORT - ^ 

' '■ — ♦ . 

_k4.8_04 Enter__changes '-p.^quipment .Configuration _ Accounting.. _ 

System (SECAS) and submit report to SECAS Validation NET 10056-C 

Field Office (VFC) ^ NET 10057-C 

98" ENVIRONfMENTAL POLLUTION CONTROL . . , 

98243 Supervise compliance with environmental pollution control 

programs ^ ' . NET 10115 



J 
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ELECTRICJAN'S MATE J & C 

NAVEDTRA 10547 D 



at least 3.2. If you are NOT bri active 
duty, the average of youir grardes in all 
assignments' of each creditable unit jnust 
be at least 3.2. The unit breakdown of 
the course, if any, is shown later under 
Naval Reserve Retirement Credit. 



WHEN YOUR COURSE IS ADMINISTEREi) 
BY LOCAL*COMMAND 



Prepared. by the Naval Education and Training Program Developmd^it 
Center, Pensacola, Florida 



Your NRCC contain? a set of assign- 
ments and self-scoring answer sheets 
(packaged separately) . The' Rate Train- 
ing Manual, Eleqjirician's Mate 1 & 'C, 
NAVEDTRA 1054 7-D, is your textbook for^ 
the NRCC. If an errata sheet comes with, 
tho NRCC, make all indicated changes or 

cor r ec t ions ^ - Do -no change-oxL^correct. ^ 

the textbook or assignments in any other 
way . • , . ' 

HOW TO COMPLETE THIS COURSE SUCCESSFULLY 

Stud^the textbook pages . given at 
the beginnjAig of each assignment before . 
trying to answer the items. Pay atten- 
tion to tables and illustrations as they 
contain a lot of information. Making 
your own 'drawings can help you under- 
stand the subject matter. Also, read 
the learning objectives that precede the 
sets of litems. The learning objectives 
and items are based on the. subject matter 
or "study material in the textbook. The . 
obj-ecti-ves l^ell- you wh^it* yotr -s^hould be 
able to do by studying assigned textual 
material and answering the items. 

At this point you should be ready 
to answer the items, in the assignment. 
Read each item carefully. Select the ; 
BfiST ANSWER for each item, consulting 
your textbook when necessary. Be sure 
to select the BEST ANSWER from the sub- ' 
ject matter in the textbook. You may 
discuss difficult points in the course 
with others. However, the answer you 
select must be your own. Use only the 
:Self-scoring answer sheet designated foi: 
your assignment. Follow the scoring 
directions given on the answer sheet 
itself and elsewhere in this course. 

■ \ i 

Your NRCP will be administered by 
your command or, in the case of small 
commands, by the.. Naval Education and 
Training Program Development Center'. No 
matter who admiftisters your course you 
can complete it successfully by earning 
grades that average 3. 2 or higher. If 
you are on active duty* the average of 
your grades in all assignments must be 



As soon as you have finished an 
assignment, submit the completed self- 
scoring answer sh^et to the officer 
designated to administer, it. He will . 
check the accuracy of your score and 
discuss with you the items that you do 
not understand. . You may wish to recorcL 
yoxir— More on %he assignment itself \ 
sl/ce tvhe' self-scoring answer sheet is 
^^t returned. . , 

If you are completing this NRCC . to 
become eligible tb take the fleetwide 
advancement examination, follow a sched- 
ui;e that will enable you to complete all 
assignments in time. Your schedule 
should call for the completion of at 
least one assignment per month. 

Although you complete the course 
successfully, the Naval Education ^nd 
Training Program Development Center will 
not issue you a letter of satisfactory 
completion. Your command will make ajB 
note in your s^iyice record, giving you 
credit for your wbrk. 

WHEN YOUR COURSE IS ADMINISTERED 
BY THE NAVAL EDUC/mON AND TRAINING 
PROGRAM DEVELOPMENTXENTER 

After finishing an assignment, *go 
on to the next. Retain each completed 
self-scoring answer sheet until you 
finish all the assignments in :a unit 
(or in the course if it is not divided 
into units) . Using the envelopes pro- 
vided, mail your self-scored answer 
sheeti^ to the Naval Education and Train- 
ing Program Develqpment Center where the 
''^scapres will be verified and recorded. ^ 
Makfe sure all blanks. at the top of each 



» ■ 

-answer sheet are filled in/ Unless ypu 
furnish all the information required/ it 
,will be impossible -to-^givfe' y6u credit 
for your worjc. You may wish tp recotd 
your scores on the assignments since the 
self-scoring answer sheets are not 
returned. 

.The Naval Education and Training 
Program De^/elopment Center will issue a 
letter of satisfactory completion to 
certify successful completion of the ' 
course Cor- a creditable unit of, ..the 
course). To receive a course-i^imml^ 
letter, follow the dir^cltions oh . 



back 



the course-completion form in tj| 
of this NHCC. , • 

^ . 

You may keep ^the textbook and 
-^Qg-j-g^Q'^^s for .thj^ course. Re turn:, 
them only in the e^vent you (fisenroll 
from the course of otherwise*>fail to 
complete the course. Directions for 
returning the teic'tbook and'aasignment 
are given on^ the. book-reb^n form in 
back of this'NRCC*. >^ 



. NAVAL RESERVE RETiREMENT CREDIT • 

This course is evaluated at 12 
Nav^l Reserve retirAient points. These 
points a,re creditable to personnel rj 
eligible to receive them under current 
directives governing retirement of VJaval 
Reserye Personnel . Points will be 
credited upon Satisfactory completion of 
the entire cours'e. Naval Reserve^ retire- 
ment credit will not be ^ly^n if the 
^ student has ^reyibusly received credit 
for any Electrician's Mate l&C, NRCC .6r 
ECp. - . . ' • , 

\f . • V 



S 

the 



PREPARING FOR YOUR ADVANCEMENT 
EXAMINATION 



} 



* Your examination for advancement is 
based on the Manual of Navy Enlisted 
Manpower and Personnel Classification - 
and Occupational StanSards (NAVPERS 
18.0fi8-D) . The sources of questions in 
this examination are given ii\ the 
Bibliography for Adv^ancement Study 
(NAVEDTRA 10052). Since your NRCC and 
.textbook are among the sourqes listed in 
this bibliography, be sure io study both 
in preparing to take your advancement 
examination. The standards for your 
rating may have changed since your 
course and textbook were printed, so 
refer to the latest editions of NAVPERS 
18068-D and NAVEDTRA 10052. 



COURSE 03JECTIVE 

' ^. <■ ' ■■ ■ 

When you complete this course, you 
will be able to supervise ai#electrical 
gang to ensui;e that safe practices are 
a way .•of life aboard ship. You wiLl be 
able to point out to your junior petty 
officers the operating principles of 
voltage Regulators, .transistorized con- 
trol devices, automatic degaussing ^ 
systems,' gyrocompasses, no break^ power*, 
supplies, electrohydraulic load-sensing 
speed governors, and visual landing* 
aids. In addition, you will be able to 
help them troubleshoot and. maintain 
these systems using the appropriate 
technical manual as 'a' guide. You willi 
also be able to brief your men on the 
details of maintenance administration 
as well as to guide them through the 
administrative dete^ils of a yard over- 
haul. 



While working on this nonresident career - 
course, you may refer fj^eely to the text. You 
may seek advice and 'instruction from others 
on problems arising in the course, but the - t 
solutions submitted must be the restllt of your 
own work and decisions. You are prohibited 
from referring to or copying the solutions pf 
others, or giving completed solutions to anyone 
else taking the same^ course. 
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A Naval nonresident career courses may include a variety of items — multiple-choice, true-false, 
nid:tiCliing, etc^^. The items are not grouped by type; regardless of type, they are presented in the same 
general sequence ^s the textbook 'material upon which they are based. This presentation is designed 
to preserve continuity of thought! permitting step-by-st^p development'of ideas. Scene courses use 
many types of items, others only a'few* The student can readily identify the type of each item (and 
the action required of him) through inspection of the samples given below. 



» /j^: ; MULTIPLE-CHOICE ITEMS 

Ea'tjl|.4tem contains several alternatives, one of which provides the best answer to the item, 
dttt.tne. 'best alternative and erase the appropriate box on the answer sheet. ' 



. Ti:- sample 
yl; ThiE) vfftrst person to be appointed Secretary of Defense The erasure of a correct 
'^•v' -U^der the National Security Act 6f 1947 was dicated in this way on t 



-X: George .Marshall 

2. James Forrestial 

3. Chester Nimitz 

4. Will iam Halsey 



answer is in- 
the answer sheet: 





1 


2 
F 




s-1 




C 



TRUE- FALSE ITEMS 

Determine if the statement is true or false. If any part of fhe statement is false the state- 
ment is to be considered false. Erase the appropriate box on the answer sheet as indicated below. 



SAMPLE 

Sr2.:.Any naval, off icer is authorized to correspond 

-(i^ with a bureau of the Navy Department 

. -V i withoyt* his commanding officer's endorsement. 



MATCHING ITEMS 

;Eacfr s'etpjf-items consists, of two columns, each listing wore 



The erasure of a correct answer is also 
indicated in this way on the answer 
sheet: 

T 
F 



s, phrases o 




phrases or sentences. The task 

is- to sel-ject -^^^ on column B which is the best match for the item in column A that is being 

V -LV^dpnsXd^r^^^ instructions are given with each set of items. Select* the numbers identifying 
iris^^^^ the appropriate boxes qn the answer sheet. 

sample , ^ ' 

'; :In.1te|ms s-3*,t>irough s-6, match the name of the shipboard officer in column A* by selecting from 
■ ..^ coTu^^ B th'e name* bf the department J n which the officer functions. . 



.v^. A. Officei^ . ■ 

■ •,^-3,. Dam'ag^ .Cpntrjo'l Assistant 

■ \'s-4.. ere offii-6r;:'.-,:vV\.,:, 

s-5. ''Af s.istant . f cfr" D4s.bur.s i ng 
s-6. Communications Officer 



; B. Departments 

1. Operations Department 

2. Engineering Department 

3. Supply Department 



The erasure .of a correct answer is in- 
dicated *in this way on the answer sheet: 




How To Score Your immediate Knowledge of Results (IKOR) Answer Sheets 

Total the number of in- 
correct erasures (those 
that show page num^rs) 
for each item and place 
in the blank space at 
the end of each item. 




Number of boxes 








erased incorrectly 


0-2 


3-7 




Your score 


4.0 


g) 


3.8\ 



Now TOTAL the column(s) of incorrect erasures and find your score in the Table at the 
bottom of EACH answer sheet. 



NOTICE: 



.°"..^M^^!"^,'; ^ P^^^ number appears; review text (starting on that page) and erase again 
, until "C", "CC", or "CCC" appears. For^ courses administered by the Center, the maximum 
number of points (or incorrect ^rasures^ will be deducted from each item which does NOT have 
a "C", "CC", or "CGG" uncovered (i.e.» 3 pts. for four choice items, 2 pts. 'for three choice 
items, and 1 pt. for T/F items). 

V ill 
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Assignment 1 



Career Program, Safety, and Voltage and Frequency Regulation 
Textbook Assignment: Pages 1 through 30 



I 



In this. course you will demonstrate that learning has taken place by correctly answering 
teaching items. The mere physical act of indicating a choice- on an answer sheet is not in itself 
itoportant; it is the mental achievement , in whatever form it may take, prior to, thfe physical acp 
that is important ai)d ^oward which nonresident career course learning objectives are directed. 
The selection of the correct choice for a nonresident career course teaching item indicates that 
you have fulfilled, at least in part, the stated oljjectiveCs) . 

The accomplishment of certain objectives, for example, a physical act such as drafting a 
memo, cannot readily be determined by means of objective type nonresident career course items; 
however, you can demonstrate ,by means of answers to teaching items that you have acquired the 
requisite knowledge to perform the physical act. The accomplishment of certain other learning 
objectives, for example, the mental acts of comparing, recognizing, evaluating, choosing, select- 
ing, etc. , may be readily demonstrated in a nonresident career course by indicating the correct 
answers to teaching items. . 

■ if . 

The comprehensive objective for this course has already been given. It states the purpose 
of the course in terms of what you will be able to do as you complete the course. 

The detailed objectives in each assignment state whatT you should accomplish as you progress 
through the course. They may appear'- singly or in clusters of closely telatied objectives, as 
appropriate; ,they are followed by it^ma which, will enable you to indicate your accomplishment. 

All objectives in this course are learning objectives and items are teaching items. They 
point out important things, they assist in learning, and they should enable you to do a better 
job for the Navy. ^ 

This nonresident career course is onl^ one part of the total Navy teaching program; by 
its very nature it can take you only part of the way to a learning goal. Practical experience, 
schools., selected heading, and the desire to accomplish are also necessary to round out a 
fully meaningful Ipsrning program. 



Learning Objective: Recognize 
the benefits and r pouslbilities 
acquired through advancemoht. Text- 
took pages 1 and 2. 



1-1. Advancements in rating are profitable to 
both the personnel being advanced and to 
the Navy. One of the most lasting per- 
sonal benefits you receive from advance- 
ment is the 

1. more challenging assignments you get 
because you can shoulder increased 
responsibility 

2. higher standard of living you can 
maintain because of increased pay 

3. greater pVestige you acquire when 
given more authority 

4. satisfaction you derive in developing 
knowledge - 



1-2. 



1-3. 



Why should a petty officer strive con- 
stantly to improve his use of grammar and 
technical terms pertaining to his rating? 

1. To increase his ability to communicate 
with others 

2. To avoid criticise by trainees having 
higher formal education 

3. To vitalize his technique of instruc- 
tion 



4. To impress trainees with his siiperior 
command of language 

An EMI or EMC must keep himself informed 
of all cVianges and new developments that 
affect his rating or work. . / 
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1-8. 



Learning Objective: Point out 
sources of information and require- 
ments for advancement. Textjsook 
pages 3 through 9. 



T 



In additionVto his examination score, 
other factorfs influencing the advancemertt 
of an EM2 qualified for EMI include all 
the following except 

1. his length of time in service 

2. his performance marks 

3. the amount of sea duty he has served 

4. the number of vacancies in the EM 
rating 



In items 1-5 and 1-6 select the publication, 
from column B that is a source of the informa- 
tion in column A. 



1-5. 



1-6. 



A.i) Information^ 


B. 


Publications 


Minimal practical 


1. 


Manual of 


factors applicable 




Navy Enlisted 


to each rate within 




Manpower and 


the EM rating 




Personnel 






Classification 


Latest edition of a 




and Occupa- 


given Rate Training 




tional Stand- 


Manual 




ards 




2. 


Training Pub- 






lications for 






Advancement 




3. 


Bibliography 






for Advance- 






ment Study 




4. 


Naval Train- 






ing Bulletin 



1-9. 



1-10. 



1-11. 



1-12. 



1-7. Which of the following actions should an 
EM take when he is transferred from one 
activity to another? 

1. Request a statement concerning his 
qualifications from the activity 
he is leaving 

2. Secure his NAVEDTRA Form 1414/1 and 
take it to his new commanding officer 

3. Inform his new division chief that he 
has completed his practical factors 

4. Insure that his NAVEDTRA Form 1414/1 
is up to date and is in his 'service 
rt^cord 



1-13. 



1-14. 
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Which of the courses listed for your 
rating in NAVEDTRA 10052 must you complete 
before you are eligible to take the 
advancement examinations? 
1. All courses listed for the Engineering 
and Hull group % 
All courses listed for the next higher 
rate 

Asterisked courses listed for the next 
higher rate 

Unmarked courses listed for the next 
higher rate 



2. 
3. 
4. 



The completion requitement for a mandatory' 
rate training course marked with an aster- 
isk (*) in NAVEDTRA 10052 mfey be satisfied 



by 

1. 
2. 

3. 
4. 



passing the nonresident career course 
successful completion of the appro- 
priate school 
both 1 and 2 ^ 

successfully demonstrating your skills 



Appropriate^of ficer texts and their com- 
panion correspondence courses are useful 
as sources of information to personnel 
preparing for advancement to EMI or EMC. ' 



Learning 'Objective: Recognize principles 
of electrical safety and effects of 
electric shock on the human body. 
Textbook pages 10 through 12. 



The extent of body damage caused by elec- 
trical shock depends on which of the 
following? 

1. Size of the body 

Value of voltage touched by the body 
Amount and 'duration of current flow 
through rfe body 

Whether the current is a.c. or d.c. 



2. 
3. 

4. 



Which value of 60-hertz current flowing 
through the body from hand' to foot for 
2 seconds is fatal? 

1. 0,0001 amp 

2. 0.001 ainp r 

3. 0.010 amp ^ 

4. 0.100 amp 

The human body will not receive an electric 
shock unless the body forms paft of a 
closed circuit and a difference in 
potential exists. 

When the human body is shocked by more 
than 200 ma of 60-hertz current > the chest 
muscles contract to clamp the heart and 
stop it for as long as the; shock lasts. 



1-15. For which purpose are sign^ posted in 
' o work areas? 

1. To.eliniate danger 

2. To eliminate hazards 

3. Both 1 and 2 are correct 

4. To alert working personnel to possible 
injury , 



1-19, Operators of power-driven machines can 
. help avoid accidents by making it a 
practice to 

1. remove chips with compressed air 

2. wear gloves and a long-sleeved shirt 
.3. have sufficient light to work by 

\, • remove machine guards before starting 



1-16. By what means is the operator of a port- 1-20. 
able metal-case electric tool protected 
from electric shock? . 

1, .By grounding conductor and ^sulation 

on the tool and its cord 

2, By' grounding conductor and Insulation 
on the distribution system 

3, By grounding conductor, insulatix^n 
on the distribution system, and 

insulation on the tool and its cord 1-21. 

4, By insulation on the distribution 
system and insulation' on the tool 
and its cord 

1-17. Which of the following resistance values 
for the ground connections between the 
metal case of a portable electric drill 
and the steel structure of a ship should 
protect the drill operator from electric 
shock? 1-22. 
♦ 1. 0.9 ohms or less 

2. 2.0 ohms to 5 ohms 

3. 5 ohms or more 

4. All of the above 

1-18. When instructing personnel in the non- 
electrical ratings on matters regarding 
electrical safety, which of the follow- 
ing statements should you emphasize? 

1. Voltages as low as 30 volts are 

hazardous 1-23. 

2. Danger from electric shock is greater 
ashore than aboard ship 

3. Only painful shocks received from 
electrical equipment should be 
reported 

4. All personal portable radios and. 
record players are safe to use aboard, 

ship 1-24. 



Learning Objective: Recognize safe 
and unsafe working conditions or 
practices associated with switch- 
boards, test equipment, hand tools, 
batteries, shore power, and cleaning 
agents. Textbook pages 12 through 
21. 



When, if ever,' should gasoline be used 
for cleaning aluminum? 

1. When liberal ventilation is provided 

2. When use of a chlorinated solvent 
would damage the aluminum 

3. When inhibited methyl chloroform is 
unavailable 

4 . Never ' 

Which solvent are you permitted to use 
for cleaning electrical insulation only 
after having proved that the solvent 
will not damage the insulation? 

1. Gasoline or benzine 

2. Wethyl -chloroform or dry cleaning 
solvent, type II 

3 . Trichloroethylene 

4. Inhibited methyl chloroform 

Which step can maintenance personnel 
take safely when cleaning equipment with 
inhibited methyl chloroform? 

1. Wear a chemical cartridge air 
respirator 

2. Inhale its vapor directly 

3. Apply it in the presence of an open 
flame 

4. Use a vaporproof or watertight 
portable light 

r , ■ 

Which practice for minimizing fire 
hazards applies when a safety type dry 
cleaning solvent is being sprayed? 

1. Cleaning the sprayer nozzles 

2. Grounding vaporproof lights 

3. Grounding watertight portable lights 

4. Grounding the sprayer nozzles 

The practice of spraying a solvent near 
an open flame or on hot equipment Is 
safe provided the solvent is a safety 
type such as type II dry cleaning 
solvent. 
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1-25. Give one reason for maintaining an ade- 
quate and -constant supply of ffesh air 
in. a battery locker. 

.1. To help evaporate any electrolyte 

that overflows from batteries on the 
line 

2. To keep the temperature of the locker 
from dropping below 95** F 

3. To prevent the formation of an explo- 
sive mixture of air and hydrogen 
given off by batteries being charged 

4. To permit the use of a battery 
charging rate that will force battery 
temperatures to rise above 125° F 

1-26. The temperature of a battery locker 
should be maintained at 

1. 95° F or lover 

2. 100° F or lower 
.3. 95° F or higher 
'4, 100° F or higher 

1-27. Under normal conditions, what should you 
do if battery locker ventilation isr 
interrupted while the batteries are 
being charged? 

1.. Stop battery, charging until venMla- 
tion is restored 

2. Reduce the charging rate of all 
batteries 

3. Reduce the charging rate of half of 
the^ batteries 

4. Determine the cause of ventilation 
loss ' 

1-28. When charging batteries what should you 
do before repairing a connection to a. 
battery on the line? 

1. Lower the' charging rate 

2. Turn off the charging current 

3. Discharge the battery ' ^ 

4. Reduce the. charging valtage 

1-29. When removing a battery which has one 
grounded terminal, you disconnect the 
ungrounded terminal first. 

1-30. What is the proper way to mix electro- 
lyte? 

1. Pour acid slowly into the water 

2. Pour water slowly dnto the acid 

3. Pour acid rapidly into the water 

4. Pour^water rapidly into the acid 



1-31. Before closing any switch, be sure that 

1. the circuit is ready in all respects 
to be energized 

2. any men working on the circuit are 
notified 

3. ionly one hand is used ^.f possible 

4. all of the above are done 

1-3^2. What is the procedure for placing warning 
tags on switches when more than one 
repair par^y is working on a circuit 
that can be energized by closing the 
switches? 

1. Each party tags t^ie switch nearest 

his work site ^ . 
2.. Each party tags each switch in the 

circuit ^ 

3. Party to begin work first tags each 

switch in the circuit 
4'. P^rty to begin work first tags the 

switch nearest his work site 

1-33. Before starting repair work on a deener- 
gized switchboard, you should make sure ' 
that the metering and control circuits 
are deenergized. 

1-34. Before any work is done on an energized 
switchboard, who must give approval to 
do the work? . 

1. Electrical officer 

2. Damage control assistant 

3. Engineer officer 

4. Commanding officer 

1-35. Which of the following materials is 
suitable for covering grounded metal 
to keep a worker from coming in contact 
with the metal? 

1. Dry canvas that hAff Holes in it 
2\ Dry phenolic matet*ial that has a 
conductor imbedded in it 

3. Dry insulating material that contains 
no holes or conductors 

4. Damp plywood ,>V*- z^-'*'^^ - 

1-36. Inmost installations, potential trans- 
former primaries are deenergized by. 

1. opening circuit breakers 

2. opening knife switches 

3. pulling fuses 

4. opening selector switches 
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"1-37. 



1-38. 



1-39. 

I 



1^40. 



1-41. 



Assume that you are connecting a ship's 
, switchboard ^o a source of electrics^ 
power ashore. You conduct a check which 
shows that the phabe sequence is incor- 
rect. What should you do^to correct 
the phase sequence? ^. ' . 

1. Deenergize the cable, then reenergize 
the cable and disconnect the phase 
sequence meters ^ . 

2. Deenergize the cable, , connect the 
phase sequence meter, and reenergize 
the cable 

3. Deenergize the cable, check the phase 
sequence mfeter coi^n^^ctions , and if 
they are incorrecty^interchange any 
two of the shore psi^r cable- con- 
ductors . 

4. Deenergize the' cable, check the. phase 
sequence meter connections(, and inter- 
change any two of the shore power 
cable conductors if the phase sequence 
meter connections are correct 

Before disconnecting a shore power cable 
after having shifted the electrical 
load to the ship's generators, you should 
first . ' 

1. test the male prongs of the plug-In 
type cable 

ensure that the ship's shore power 
circuit breaker at the switchboard 
is off and tagged 

ensure that the cable is deenergized 
test the terminals at the^ship's 
shore terminal box 



2. 



3. 
4. 



1-42. 



To prevent damage to electric meters, you 
should protect them against the effects, 
of • 

1. weak magnetic fields . 

2. low currents 

3. both 1 and 2 

4. ' mechanical shock - . ' * 

Instruments being used on a vil;>rating 

surface should be placed on thick pads 

of felt or cloth to protect them from 
damage* - , 

What should you do to ensure that metal- 
case test instniments are safe tp use? 

1. Energize the instruments 

2. Ground the metal cases ■ ' f 

3. Insulate each metal case from ground 

4. Connect all metal cases to a common 
lead I 

) . . ■ , 

You should work barehanded when testing 
volt,&ges that are likely, to exceed 300 
volts. • • • 



Learning Objective: Identify obliga- 
tions of the senior electrician for, 
supervising all facets of eleqtrical 
safety ab oard ship. Textbook pages 
10 through 22. 



1-43.^" If safety precautions have not been 
issued or are incomplete, who issues 
the safety precautions that are deemed 
necessary? 

1. . Division officer 

2. Engineer officer 

3. Commanding officer 

4. Type command ^ 

1-44. As the leading EM aboard a ship, you 
have a responsibility to instruct t^e 
enli^t^^men of E division and other 
div&fdas in ^natters /regarding electrical 

safetyi^'^:^ . "^ " y v'^t ' ^ 

1-45. The commanding officer delegates his 
authority flor enforcing safety to 
ly leading pett^ officers 

' ' 2. division . of ficers 

3. engineering officers 

4. all of the above 

' ' ' 

1-46. What is the greatest cause of electric 
shock aboard sliip? 

1. Equipment failure) 

2 . Poor equipment 

3. Equipment design 

4. Human error 

1-47. During a visit to the machine shop *an 

Electrician's Mate Second Class observes 
a man working without goggles at a drill 
press. What should the electrician do? 

1. Stop the work 

2. Notify the petty officer in charge 
of the shop 

3. Provide the man with goggles 

4. Put the man on report 

1-48. When shore power is being rigged by two 
working parties, who is responsible for 
ensuring the ship's rigging procedures 
are, followed? 

1. Shore supervisor 

2. Ship's- supervisor 

>3. Ship's electrical officer 
4. Ship's Officer of the Deck 



5^ 

224 



It is the responsibility of the Officer 
^ of the Deck to verify that the Chief 
Engineer and Communication Officer have been 
notified that a man is going ajoft. He also 
notifies the Officer of the Deck of adjoining 
ships, when ships are alongside. The leading 
or se&lor petty officer should ensure that the 
man going aloft, his assistant who remains on 
deck, and the Ship's Boatswain's Mate know the 
applicable safety precautions. 
'••'*■■"'• j -fc ^ 

1-A9i'^; ^'Sometimes, men working aloft are re^quired 
.> tp work with tools without preventer 
lines. 

1-50. Who grants permission for a man to work 
aloft? . ^ 

1- Commanding officer 
» 2. Communication offlcet^J 
3. . Chief Engineer , 
• 4. Officer of the Deck 

,1-51. Who is the^ source of supply of High 
Voltagfe Warning Sign NavSea No. 
RE lOB 608B? 

1. Supply Officer, Mechanlcsburg, 
Pennsylvania 

2. Communication Officer 

3. V Commander, Philadelphia Naval 

Shipyard 

4. Ship's Supply Officer 

1-52. What is the best means at your disposal ' 
for eliminating jury-rigged electrical 
equipment from your ship? 

1. Publish facts in the ship's plan of 
the day about the hazards of jury ' 
rigs ' ' 

2. Emphasize the hazards of jury rigs 
each time an opportunity arises 

3. Post safety reminders throughout the 
ship 

X ^' Conduct periodic safety inspections 
yourself 



1-53. 



2. 



When expressed in percentage, which of 
the following ratios defines the harmonic 
content of an a.c. power system? 
I. Effective value of voltage variations 
divided by the equipment voltage 
rating 

Equipment voltage rating divided by 
the effective value of voltage 
variations 

Effective value of voltage variations 
that remain after elimination of the 
fundamental voltage divided by the 
equipment Voltage rating 
Equipment voltage rating multiplied 
by the square root of 2 and divided 
by the effective value of voltage 
variations remaining after elimina- 
tion of the fundamental voltage 



4. 



In items 1-54 through 1-56 select from column B 
the factor which, w\jen divided by the equipment 
voltage rating, defines the electrical charac- 
teristic in column A. 



A. Electrical 

Characteristics 



B. Factors 



1-54. Ilodulatlon amplitude 1. 

1-55. Steady state toler- 
ance band 

1-56. Voltage unbalance 2. 
between phases 



3. 



Learning Objective: Recognize 
standard electrical characteristics 
of shipboard a.c. power systems.. 
Textbook pages 23 and 24. 



Effective 
value of 
voltage var- 
iations 

Highest phase 
voltage minus 
lowest phase 
voltage 

Periodic var- 
iation in 
voltage caused 
by regulators, 
intermittent 
loads , or ^ 
other random 
disturbances 

Maximum aver- 
age voltage 
variation 
caused by 
drift, envi- 
ronment, and 
load changes 
(excluding 
transient 
load changes)^ 



Learning Objective: Recognize 
the characteristics of type I 
and type .II a.c. power systems. 
Textbook page 24 and Table 3-1. 



1-57. Which electrical characteristic is 

expressed as ±18% in table 3-1 of , the 
textbook? 

1. Difference between the highest phase 
voltage and the lowest phase voltage 

2, Maximxim difference between the volt- ■ 
age wave and th^ harmonic content 

. 3, Changing conditions of frequency 

that goes beyond and returns to the 
i steady state tolerance band within 

the recovery time 
4. Changing conditions of voltage that 
goes beyond and returns to the steady 
state tolerance band within the 
recovery time 

1-58, Which electrical characteristic of type 
II a.c. power systems is expressed in 
textbook table 3-1 as 0.25 second at 400 
hertz and 0.75 second at 60 hertz? 

1. After a voltage change is initiated, 
. the time it takes the voltage to 

recover and remain within the steady 
. state tolerance band 

2. After a frequency change is initiated, 
the time* it takes the frequency to 
recover and remain within the steady 
state frequency band 

3. Duration of voltage unbalance between 
phases caused by transient load 
changes 

4. Duration of voltage unbalance between 
phases caused by random disturbances 

1-59. What are the respective maximum and mini- 
mum line to line 3-phase' voltages per- 
mitted for a 440-volt, type II, a.c. 
power system? 

1. 444 V and 436 V 

2. 448 V and 432 V , 

3. 444 V and 440 V ' - 
. 4. 440 V and 436 V 

1-60. The^maltT difference between type I and 
type II power systems is that type II 
requires 

1. better voltage control at the load 

2, isolation of the load from the power 
system ^ 

less frequency regulation 



1-61. The maxjtmum" difference between the volt- 
age wave and harmonic content of a 
440-volt. type III' a.c. power system is 
. approximately . » , 

- ■ 1. 26 V — 

2. 31 V 

3. 37 V . • 

4. 40 V 



* r Learning Objective: Point put 

operating principles of the direct- 
acting type voltage regulator and 

^ ^ procedures for operating ship's 
service installations using this 
type of regulator. Textbook pa^s 
;; 25 through, 30. 



1-62 . 



1-63. 



1-64 . 



3. 
4. 



generator voltage control rather than 
load voltage control 



The silver buttons in a silverstat type 
voltage regulator are connected to tap^s 
on the 

1. regulator coil 

2. voltage adjusting rheostat, 

3. regulating resistance plates 

4. range-setting resistors 

The range covered by each voltage adjust- 
ing rheostat of the regulator can be set 
so the midposition of the rheostat is 
the normal operating position to obtain 
rated generator voltage. The range is 
set by means of a 

1. , damping transformer 

2. resistor connected in series with 
the regulator coil 

3. resistance plate connected in series • 
with the rheostat 

4. resistance plate connected in l^Srallel 
with the rheostat _ 

Where is the primary 'of the damping 
transformer connected in a regulator 
that, controls a large<a.Ci. generator? 
r. Across the output of the exciter 

2. In series with the voltage adjusting 
rheostat 

3. In series with the regulator coil . 

4. Across the output of the crosscurrent 
compensator ' 
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1-65. 



1-66. 



When switching a direct acting voltage 
regulator system from manual to auto- 
matic control It Is necessary to leave 
the control switch in the TEST position 
momentarily to allow the 

1. exciter field current to stabilize 

2. ' generator field current to stabilize 

3. damping transformer transient current 
i to die down 

4. silver buttons to readjust 



1-67. 



How does a direct acting voltage regula-' 
tor respond to a decrease In generator 
load? 

1. The regulator armature is pulled 
^ toward the regulator coil, more 

silver buttons are pushed together, 
and the regulating resistance 
Increases 

2. The regulator^ armature is pulled 
toward the regulator^ coil, more silver 
buttons are sp^ad apart, and the 
regulatlng^^ cesistance increases 

3. The r^ui'ator armature is pulled 

' away from the regulator coil, more 
i silver buttons are pushed together, 

and the regulating resistance 

decreases. 

4. The regulator armature is pulled 
away from the regulator coil, more 
silver buttons are spread apart, and 
the regulating resistance decreases 



Hqw will the moving jarm of a direct 
acting regulator behave' if the damping 
transformer connections are reversed? 
1* It will swing continuously from one 

end of its travel to the other 
2. It will move very sluggiphly in 
response to a generator voltage 



changV 

It will be pulled toward the / 
regulator coil and remain in fel\a^ 
position 

It will be pulled away from the 
regulator coil and remain in that 
position' 




Assignment 2 



Voltage and Frequency Regulation; Transistorized Conti:ol Devices ; and Aut omatic Degaussing 
Textbook Assignment: pages 30 through 85 



•Learning Objective: .Identify operating' 
principles 'of the rotary amplifier 
(amplidyne) type of voltage regulator and 
procedures for operating ship's service 
installations using this type of re^ju- 
lator. Textbook pages 30 through 39. 



2-1. When the voltage regulator transfer switch 
for two generators, A and B is in the GEN 
B position, how are the voltagies of the 
generators controlledt? 
1. Both generators are controlled by 
generator B's regulator 
^ 2. Only generator B is regulated, since 
\ . generator A is out of the circuit 
3. Generator A is controlled by its own 
regulator, and generator B is con- 
trolled by the standby regulator 
A. Generator A is controlled by the 

standby regulator and generator B is 
' controlled by its own regulator 

2-2. When the number of saturated reactor coil 
turns in the voltage adjusting unit is 
decreased, the inductance of the saturated 
reactor i* 

1. increases, and the voltage held by the 
regulator is raised 
, 2. increases,' and the volfage held by the 
regulator is lowered 
3. decreases, and the( voltage hfeld by the 

regulator is /raised^ 
A. decreases, and the vpltage held by the 
^ regulator is lowered.' 

■ \ ■ 

2-3. The unit that provides theVegulator with 
a signal proportional to the a.c. genera- 
tor voltage is the > 

1. pilot alternator . 

2. potential unit' 

3. amplidyne 

A. stabilizer - , 



2-4. The stabilizer functions to prevent 

hunting in the voltage regulator circuit 
by producing a voltage that^ 

1. aids any change in amplidyne control 
field current 

2. opposes any change in amplidyne 
control field current 

3. increases the inductance of the 
saturated reactor. 

4. decreases the inductance of the 
. saturated reactor / 

2-5.; Wherf generator voltage is near normal in 
the automatic control circuit of textbook 
figure 3-6, .buck pircuit current f rom. F2 
to Fl i^ the amplidyne control -field is 

1. negligible 

2. maximum to overcome the boost circuit 
current 

3. .minimum to enable the boost circuit 
" current to keep the amplidyne control 

field "steady 
4. nearly equal to the boost circuit 
current • 

2-6. -How does the automatic control circuit act, 
to oppose an increase in a.c. generator 
voltage? 

1. The pilot alternator voltage increases, 
causing an increase in amplidyne con- 

' trol field current 

2. The pilot alternator voltage decreases , 
causing a decrease in amplidyne con- 
trol field current 

3. The saturated reactot: current 
increases, causing an increase in ^ 
amplidyne control field current 

4. The saturated reactor current 
decreases, causing ^decrease in 
amplidyne control field current 



2-7. How does a decrease In generator, frequency 
affect the reactances of the saturated 
reactor and th^ frequency compensation 
circuit? 

1. The reactance of the saturated reactor 
increases, and the frequency compen- 

*" sat ion ne twork behaves like an induct- 
ance 

2. The reactance of the saturated reactor • 
increases, and the frequency compen- 
sation network behaves like a capaci- 
tance 

3. The. reactance of the saturated reactor ' 
decreases, and the frequency compen- 
sation network behaves like an induct- 
ance 

4. The reactance of the saturated reactor 
decreases, and the frequency compen- 
sation network behaves like a capaci- 
tance • 

2-8. At unity power factor, the comj^nsating 
voltage across the compensating potenti- 
^ ometer rheostat is in phase with the 

1. voltage across the teaser leg of the 
T-connected potential transformer 
secondary 

2. resultant output voltage of the C 
3-phase response network 

3. phase B line-to-neutral voltage 

4. voltage across the resistor-inductor 
series circuit in the 3-phase response 
network 

2-9. When two generators are being placed in 
parallel operation in a rotary voltage 
• regulator system, load distribution and 
power factor are adjusted by means of the 

1. manual control handwheels and prime 
mover governors 

2. manual control handwheels and voltage 
adjusting unit 

3. voltage adjusting unit and prime mover 
governors 

4. voltage adjusting unit and saturated 
reactor tap switch 



Learning Objective: Recognize- operating 
principles of the static excitation, 
voltage regulator System and procedures 
for operating 'ship's service installations 
using this system. Textbook pages 39 
through 49. 



2-10. Switches SI and 82 contain a large number 
of series*connected contacts for the 
purpose of * 

1. eliminating arcing when turned to the 
OFF position • 

2. minimizing arcing effects wheivi power . 
is removed 

3^, providing multiple circuit path 

connections 
4. preventing the contacts from becoming 

hot ; 

2-11. The output of the static exciter is 

controlled by the current through the 

1. transformer primaries 

2. transformer secondaries 

3. transformer control windings 

4. output rectifier CRl 

2-12. The initial field current for starting 
the a.c. generator is provided by a 
field-flashing circuit ''from 

• 1. the static exciter 

2. the output rectifiers / 

3. a 50 kW, d.c. generator 

4. all of the above 

2-13. The automatic voltage regulator maintains 
the generator's out'put^voltage by regu- 
lating; the direct current through the 
static exciter/s ' 

1. control winding 

2. primary winding 

3. linear inductor 

4. secondary winding 

in items 2-14 through 2-19 refer to 

• textbook figures 3-14 through 3-16. 

2rl4. The reactance value' of L6 in the voltage 
regulator, is dependent on the 
1. average of the line voltag^es 
* 2. output of CR6 

3. value of the secondaryof T5 

4. output of CWl 

■ f, " 

2-15. The amount of voltage across. filter " 
capacitor CI is . 
1. proportional to the voltage drop 
across R8 
• 2. equal to the output of T6 

3. proportional to the line voltage 
average 

4. equal to the amoUnt of ripple when 
the line voltages are unequal 



2-16. What condition will cause current to flow 
in the primary winding of CW4 in such a 
manner that exciter voltage will increase? 

1. Vg equal to Vj^ and Vl 

2. Vg greater than Vj^ 
\) 3. Vj^ greater than Vl 

4. Vg greater than 



2-17. The amount of flux in the magnetic ampli- 
fier cores is* controlled by the 

1. output of transformer T5 

2. output of the comparison circuit 

3. amount of gated -a. c; in CW5 

4. setting of voltage adjusting 
rheostat R6 

2-18. When does maximum current flow in the load 
winding? 

1. When the flux is zero 

2. When the flux is greater than zero 
but ^the core is not saturated 

3. When the core has been saturated by 
• the control winding 

4. When the core has been saturated" by 
.the load winding 

' ^ ■:>'.■ ' .. • • . ^'^ 

2-19. Each magnetic amplifier is operated in 
the center portioi^of its magnetic core 
saturation curve by adjusting 
^ 1. L7 and R13 

2. Rll and R12r 

3. L6 and L7 

4. R14 and R15 

2-20. You are checking the reactive droop 

compensation circuits of a. c. generators 
A and B prior to placing them in parallel 
operation. Generator A is satisfactory. \ 
When you add a reactive lagging load to 
generator B, the terminal voltage de- 
creases. What should you do next? 

1. Connect the two generators in parallel 

2. Secure the generator and reverse the 
secondary leads of T4 

3. Secure the generators and reverse the 
secondary leads of T6 

4. Equalize the voltage decrease to that 
of generator A by adjusting R8 



Learning Objective: Identify parta of 
the static exciter and regulator by their 
functions within their associated cir- ^ 
cuits. Textbook pages 50 through 57. 

: f ■ ■ t ' •• ; ' ■ 

^-21. How are the current transformers of . the 
exciter connected? 

1. In parallel with the generator field 
and the' armature 

2i In parallel with tha generator ter- 
minals and the load 

3. In series with the generator field 
and the armature ' 

4^. In series with the generator ter- 
minals and the Ipad 



2-22. The d.c. excitation is the output of the 
field rectifier bridge. What f jimishea/ 
the a.c. power to the rectifier bridge? 

1. Linear reactors . 

2. Saturable transformers 

3. Current transformers 

4. All of the. above 

2-23. Under no-load conditions » which of the 
following determines the output of the 
field' rectifier bridge? 
1. Lineari reactors and saturable 

transformers 
2.. Saturable transformers and current 

transformers 

3. Current transformers and saturable 
transformers 

4. Paralleling current, transformers 

2-24. The output of the current transformers 
is prop6rtional to the 

1. field rectifier burre^/ 

2. saturable transformer voltage • 
. 3. load 

4. synchronous reactance 

2-25. How does the voltage regulator control 
mismatch between exciter and generator? 

1. It regulates the voltage to the 
current transformer 

2. It regulates the contrql ciirrept 
winding of the saturable transformer 

3. . It regulates the voltage to the field 

flashing system 

4. It regulates the (Control current 
winding of the linear reactor 

2-26. Which of the fpllowing are functions of 
the voltage regulator? 
.1. Sense terminal voltage 
; 2. Rectify 

3. Amplify and compare 

4. All of the above 

2-27. 'in the sensing circuit, shown in figure 
4-2 of the text, what is the purpose of 
R6, R14, and R16? 

1. To sezye as a voltage divider 

2. To provide power ""to choke L2 * 

3. To compensate for capacitor XI 

4. Each of the'^above 

2-28. The generator voltage is sensed by 

1. diodes CRl, CR^, CR3, CR4, CR5, and 
CR6 

. c 

2. ^ transformer T2 

3. resistor R14 

4. choke L2 
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2-31. 



2-29. One purpose of the amplifier and refer*- 

ence circuit (fig. 4-3 of the text)- is to 
compare the error signal or voltage Vith 
a reference voltage. What is the jsource 
of thevreference voltage? ' 

1. Transistor Q3 

2. Zener diode VR2 "' 

3. Transistor Q4 

4. Magnetic amplifier LI ' 

2-30. In figures 4-2 and 4-3 of the text,4S^t V 
parts of the sensing circuit and the I^tA < 
amplifier and reference circuits are !; \ 
common? - - ' •-. \ 

1. Voltage divider and T2 ^ 

2. L2 and voltage divider 

3. LI. and T2 
4.. q4 and VR2 

In figure 4-5 of the text what is the 
source of reference voltage for Q3 arid / 
where is it applied? 

1. VK2/ emitter of Q3 

2. VRl, base of Q3 \ 
•,3. VR2, base of Q3 

4. VRl, emitter of Q3 

2-32. If there is a decrease in generator volt- . 
age to'T2, what is the end result at LI? 

1. Output voltage remains the same 

2. Output voltage decreases. 

3. Output voltage increases 
* 4. Input voltage decreases 

2-33. In the Tectifie'r circuit, what parts pre- 
vent isnap-on action of magnetic amplifier 
LI? 

1. SCR thyristor CRIO and CRll 

2. -Diodes CR7 and CR9 

— ' 3. Resistor .R24 and capacitor C7 > 

4. All of the above 

2-34. Manual control of the generator provides 
a method to. counteract generator voltage 
' variations caused by 
1. increase in J.oad 
'*2. variation in temperature 

3. decrease in load 

4. each of thepabove 

2-35. Diodes CR5,8, CR59i CR60, CR61, CR62, and 
CR63 form a full-wave bridge rectifier. 

.f What is the source of a.c. for this 

rectifier? ^' 

1. LI 

2. A.c. generator . ' . 

3. Permanent magnet alternator ,(PMA) 

4. Transformer T4 



2-36. 



2-3V. 



2-38. 



2-39. 



2-40. 



Learning Objective: Point out operating 
pr.in<?iples and maintenance requirements 
of ,an SPR-400 voltage regulatfor. Text^ 
book Images 61 through 63. ^ • 



The purpose of the ^SPR-400 line voltage 
regulator is to ensure precision cojltrol 
' of variations in ' ' 

1. line/ . . • 

2. load 

3. power factor 

4. all the above 

What effect does a decrease of direct / 
current in the control winding have on 
'the operation of the autotransf ormer? 

1. The voltage in the opposing 
winding decreases and thfe output i 
decreases / 

2. The voltage in the opposing 
winding decreases and the output 
increases 

3. The voltage in the opposing winding 
increases and the output -decreases 

4. The voltage in the opposing iJinding 
increases and ^he output increases * 

The pulse' circuit Ql responds to^an 
er^or signal and regulates the output 
voltage. * ' 

The purpose of potentiometer R21 dn 
figure 4-6. iof th^rtextbook is to 
compensate ''for th€ * 
1. resistathce inv'the cables from'^'^^ 
regulator to load " . 

internal ^resistance of the regulator 
resistance of the regulator load 
resistance of the input voltagfe 



2. 
3. 
4. 



treqii^ht inspection^ . for dust, dirt, and 
moisture i^ust be made in an SPR-400 line 
voltage regulator. 



Learning Objective; Recognize the pur- 
pose and operation of a synchronizing 
monitor. Textbook pages 63 through 73. 
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When answering items 2-21 and 2-22, refer 

* to figures 4-13 and 4-14 in your textbook. 

^-41. The kl relay is energized for which of 
the following examples of phase angle 
' (e), voltage difference (^V),' and fre- 
quency difference (AF)? 

• . . 1. 1 e - -45*; Av «" 1%; AF - 0.1 hz 

.: . .2. -22**; Ay » 3%; Af - e.l hz • ' . 

. 3. e - 0*; Ay » 5%; - e.5 hz 
j "••4. e « + 5*; Av « 5%; Af - 2.0 hz 

» ■ • . ' ' ' ^ . 

2-42* " Assume* that the synchronizing monitor is ^ 
. , /connected to a circuit consisting of two 
, generators and that the Kl relay is 

i< ene r g 1 z e d,. - iH^w^ does this affect the 

•parallel operation of the generators? 
^; ' 1. y^The generators : are automatically 
l . paralleled ^i^-^^ / *' 

.2. Jhe ^inerators areyfiot automatically . 
par<^lleled but mav' be manually 
•• p^rfifil^'ied/l» ' ^ ' 

3/ THe.genera^ors may v,not be, parallel 
. , while the Kl relay is energized byt 

• ikfe automatically paralleled when it 
; is deenergized , * ' ' ^• 

.4. The generators may not be paralleled" ■ : 
• * . while th4 Kl relay is ^hergized but 
. .. may l?e taanually paralleled wheij the 

relay is deenergized ' * . 

\' ^ When answering ltemb>'2/-43 through 2-46 ^yfei 
to figure 4-15 in ydqir* textbook. ' 



2-46. 



'Q2 
1. 
2. 
3. 



4. 



2-43. 



2-44. 



The ref erence bias yoltagje'^for .Ql iia ^the 
synchronizing monitor appears acros'* v . 
capacitor CI ' * <>i / ^ '-y 

resistor R2 / . ' 

resistor R6 ' ■ ' * ' i 

Zener, diode CR8 '■. I" 

The phase difference circuit' .t;tiiJhs' Ql ,of f 
by means of a . " * 

1. reverse, biais voltage across CRIG 

2. reverse bias voltage across R6 * 

3. base- to- emitter short caused by the 
"conduction of CR9 

4. base-to-emitter short caused by the 
conduction of CRIQ . 



2-45. _,Tbe voltage' difference circuit turns 
' *Q1 of f by means of a . . 

1. reverse bia:s vbltage across Q5 
r 2b reverse. bias voltage across R19 

3. base-to-emitter short caused .by 
the conduction of CR18 

4. base-to-emitter short caused by 
the conduction of Q5 . 



is xon trolled by 
the phase difference circuit 
the frequency difference circuit 
simultaneous action of the voltage 
diff^yence circuit and the frequency 
difference circuit 

either the voltage difference circuit 
or the phase dif'f erence Ijoircuit 



But ^ 
Voltage 



O«n«rofor 
VoltdQts 




Figure iA 



2-47. 



2-48. 



2-49. 



Refer to figure 2A. Which generator volt- 
age occurring simultaneously with the 
indicated bus voltage will produce the » 
maximum current flow in CRIO in the phase 
difference monitoring circuit of the 
-synchronizing monitor? 

1. A 

2. B • 

3. C . ^ 

4. D 

Kl relay will KOT close if the voltage 
difference in* the generators is more than 

1. 5% 

2. 2Z 
> 3. 3Z 

4. 4Z ' 

What is the purpose of R19 in figure 4-21 
of the textbook? 

1. To prevent large voltage variations 

2. '^ To deenergize relay Kl c» 

3. ;Yo , ensure that Q5 will remain off 
.' when relay Kl is deenergized . 

4. to ensure that Q5 will remain off 
when Kl is energized 



rl3 
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2-50. 



2-51. 



2-52. 



2-53. 



Refer to figure 4-21 of your textbook. 
The difference In the magnitude of the 
sensing signals from the oncoming gen- 
erator and the bus Is detected in bridge 
circuit 

1. CR15 

2. CR16 

3. CR17 (points A and B) 

4. CR18 

Which of the following components In the 
frequency difference monitoring circuit 
(figure 4-23 of the^extbook) are con- 
nected In such a waji?' that a beat fre- 
quency voltage Is produced between the 
oncoming generator and the bus? 

1. Primaries of T2 and T3 

2. Secondaries of T2 and T3 

3. Secondary of T2 and CRll 

4. Transistors Q3 and Q4 

Figure 4-24 of the textbook shows the 
results of various steps In the generation 
of a signal that Is used to fire SCRl In 
the frequency difference monitoring cir- 
cuit. What Is the purpose of the step 
that produces the waveform depicted by 
diagram E? 

1. To produce a beat frequency voltage 
between the oncoming generator and 
the bus 

2. To rectlfjp and filter the beat 
frequency voltage 

3. To assure that the clipped signal 
goes to zero when the original bqat 
frequency voltage goes to zero 

4. To assure that the clipped beat fre- 
quency signal maintains a constant 
d.c. level » 

Assume that a unijunction transistor has 
0 volts on base 1 and 12 volts on base 2. 
If the transistor fires when the base 1- 
■^to-emltter voltage reaches 8 volts, the 
transistor has an eta value (Intrinsic 
standoff ratio) of 

1- 1/3 

2. 1/2 

3. 2/3 

4. 4/3 



^ 1 To answer Item 2-54 refer to figures 4-23, 
^ 4-25. and 4—26 of your textbook and assumr 
that the difference In frequency between the 
oncoming generator voltage and the bus voltage 
la 0.2 hertz. 

Hint: The time In seconds required for 
one full cycle (period) Is, found by dividing the 
tlijfrunlt, one second, by the frequency, In 
hertz. 



2-54. 



2-56. 



2-57. 



What Is the time period for one cycle of 
the beat frequency voltage? 

1. 0.5 seconds 

2. 2.0 seconds 

3. 2.5 seconds 

4. 5.0 second^ 



Learning Objective: Recognize funda- 



mentals c 
circuits. 


>jf servicing transistorized 
I Textbook pages 74 and 75. 


2-55. High-powl 


1: transistprs that are notice- 



w > - w^^^w t. tiu I. CILC II Ul 

ably hot while operating have been 
damaged beyond use. , 



What is the first connection you make 
when using a signal generator as a 
transistor tester? 

1. Connect thk powerline to an isolation 
transformer 

2. Connect the\chassis of the signal 
generator to ground 

3. Connect the chassis of the signal 
generator to the chassis of the - 
equipment to be tested 
Connect line voltage to signal 
generator 



4. 



Ohmmeters will damage transistors if the 
meters are used in a range greater than 

1. 0.25 ma 

2. 0.50 ma 

3. 0.75 ma 

4. 1.00 ma 



Learning Objective: Recognize operating 
principles of the switching and control 
circuits in the degaussing switchboard 
of the SSM^ Automatic Degaussing System. 
Textbook pages 76 through 80. 



2-58. What circuit or coll in the SSM automatic 
degaussing system receives the gyro 
signal? 

**"''l. Remote control clrcii^lt 
- <^ FI-QI degaussing coll 
^^3. M degaussing coll 
4. Control circuits 
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2-59. 



2-60. 



2-61. 



2-62. 



2-63. 



In the SSM Automatic Degausslrig Control 2-65 • 

System, which coll channels are manually 
controlled? 

1. M and A coll channels 

2. A and FQ-QP coll channels 

3. A and FI-QI coll channels 
A. M and FP-QP coll channels 

Control power for the manual coll channel 

control circuits Is supplied by 2-66. 

1. the secondary of a common power 
transformer 

2. the secondary of a separate power 
transformer 

3. ,a d.c. power source 

A. a shlp*s service lighting generator 

The gyrocompass signal Is a true heading 
signal. It Is modified by the magnetic 
variation to obtain the magnetic heading 
signal used to compute the 2-67. 

1. necessary degaussing currents 

2. FP-QP power supply 

3. M-coll power supply. ' 

4. H-zone setting 

The gear train; H-?one circuit, and the 
magnetic variation circuits of the com- 
puter drawer are independent control 
circuits of the A coil and FI-QI coll 2-68. 
channels. , ^. 

The maximum control signal or gain of the 
control circuit in the SSM Automatic 
Control Degaussing System is set by the 

1. voltage divider 

2. demodulator converter 

3. a.c. signal of the resolver 

A. d.c. signal from the H-zone circuit 2-69. 

In which of the. following coll channels 
does a separate perm circuit apply a 
manually set d.c. signal to the opera- 
tional amplifier input? 

1. A 

2. M 

3 . FP-QP 

4. FI-QX 2-70. 



Learning Objective: Point out operating 
principles of the power supply and func- 
tions of components in the degaussing 
remote control unit of the SSM Automatic 
Degaussing System. Textbook pages 80 
through 83. 2-71. 
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Whieh amplifier, connected through 
reversing contacts on the pilot relay, 
presents a constant polarity signal to 
the inputs of the circuit? 

1. Single-ended mixer amplifier 

2. Switohing amplifier 

3. Excess error amplifier 

4. Each of the above 

The magnitude of the full-wave rectified 
signal produced by the mixer amplifier 
is modified by the 

1. current feedback from the output 
circuit 

2. voltage feedback of the output circuit 

3. current feedback from the iftput 
circuit 

4. voltage feedback from the input 
circuit 

How man^ pairs of silicon controlled 
rectifiers (SCI^) are in the power state 
circuit of the SSM Automatic ^Degaussing 
System? 

1. Three 

2. Four 

3. Five 

4. Six 

Current through the primary windings of 
the 3-phase transformer in the power 
stage circuit is controlled by the 

1. control transformer in the first 
stage 

2. SCR's in the driver circuit 

3. excess error amplifier i 

4. switching ampllffer 

Wljich component determines when the 
secondary power is rectified, filtered, 
and connected to the degaussing coll In 
proper polarity? 

1. Switching amplifier 

2. Excess error amplifier 

3. Reversing contactor 

4. Pilot relay 

In the degaussing remote control unit, 
what controls the FI-QI and A colls when 
the automatic colls are in manual opera- 
tion mode? 

1. Meter Selection Switch 

2. Heading Switch 

3. Ammeter 

4. Each of the above Q 

What is the purpose of the degaussing 
remote control unit in figure 5-7 of 
the textbook? 

1. To monitor and control all degaussing 
colls 

2. To monitor the A-coil only 

3. TO control the FI^QI coll only 

4. To monitor and control the A and 
FI-QI colls 
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Learning Objectives: Identify ipainte- 
nance practices for the SSM Automatic 
Degaussing System. Textbook pages 83 
through 85, 



2-75. What is the best technique for trouble- 
shooting the SSM Automatic Degaussing 
Control System? 

1. Observation 

2. Replacement 

3. Logical method 

4. Historical data 



In items 2-72 through 2-74 select from column B 
the safe practice to observe when maintaining 
the components in columi^A, 



A. Components 

2-72.. Capacitors and 
RFI filters . 

2-73, Printed circuits 
and semi- 
conductors- 

2-74. Drawers in the 
switchboards 



B. ^Safe Practices 

1. Remove care- 
fully because 
of excessive 
weight 

2. Do not attempt 
to repair; 
maintenance is 
at a depot 
level 



3. Ground to pre- 
"vent shock 
hazards 



4. Connect power 
before testing 
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Assignment 



3 



Gyrocompasses 

Textbook Asalgnment: Pages 86 through 116 



Learning Objective: Indicate the 
principle of operatlop of a free 
gyroacope, and the added properties 
that make It north-seeklng. Text- 
book pages 86 through 93.^ 



3-1. What are the supporting rings of a 
gyroacope? ^ 

1. Glipbals 

2. Planes 

.3. Superatruc( Mrt»3y^ 
4. Allies 

3-2. A gyroscope rotor has how tnany degrees ' 
* of freedom? . 

1. One 

2. Two 

3/ Three v . 

A. Four' ^ 

• ' •■. • 

3-3, If the supporting frame of a gyroscope 
Is tilted to the left, the rotor axle 
' .will : : - ' ... ; 

1. tilt to th^ left * . 
-2. tilt, to the right' 
% not change direction^ ^ . . , 

4.*" point In the same dlriBctlon as the 
supporting frame 

3-A. How can you Increase gyroscope rigidity? 

1. By increasing t^he weigh}:, of the rotor 

2. By ;lncreaalng' the concentration of 
rotcTr weight near the circumference 

3* By Increaalng the rotor apeed 
1. [ 4» By carrying out ainy of the above 
measures " 

3-5. A free-aplnnlng 'gyroscope Is aligned east 
and west at the equator. If viewed from 
space for a 12-hou'c. period the gyroacope 
will appear to do which of the following? 

1. Make one complete revolution 

2. .Make two complete revolutions 

■ 3. Make one-half of a revolution 
4. Remain stationary V 



V 

J 



I 




Figure 3A. — Gyroacope Rotor. 

3-6.« If a gyroscope aplna In the direction 
shown In figure 3Ay a force applied at 
X will cause 
' . . 1. tio precession 

2. precession aJ>out the vertical axis, 
W 

3. precession about the aplnnlng axis, 
. ' S^' . ; 

4. precession about the horizontal a'xla, 
HH' 

3-7. A free-splnnltig gyroacope Is aligned east 
' and west at the equator. If viewed from 
. the earth's surface for a' 12-hour period^ 
, the gyroscope will appear to do whlah of 
the following?.; ' 

1. ^ke one cpmplete revolution 

2. Ma'^e; two complete revolutions 

3. Make one-half revolution 

4. Remain atatlonary 

3-8. Horizontal earth r^te Is (a) at 
(b) • 

1. (a) Maximum; (b) Both polea ■ ■ • 
.2. (a) Mlnlttum; (b) Both poles 

3. (a) Maximum; (b) Equator. 

4. (a) Minimum; (b) North fiole only 
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3-9. 



To 
it 
1. 



3. 
4. 



convert a gyroscopte Into a gyrocompass, 
l9 necessary to 

provide torques of the correct 

maniltude and direction 

ha^ the axis of spin of the gyroscope 

nearly level when parallel to t;he 

meridian 

do both 1 and 2 above 
provide two rotors 



3-10. 



The mercury ballistic causes the Mk 11 
gyrocompass to seek north by applying 
torque 

1. to the horizontal axis 
to the vertical axis 
about the hor^z^nfal axis 
about ^h^^Ve^ftieSl ai^i^ 



2. 
3. 
4. 



The offset; point of-'cbpnection is a 
• fraction of an Inch fropi!''"the bottom 
center of thetrotor case. /therefore, a small 
torque is intlfeduced to daii^en oscillations 
around the mer^di^ja. > - . ' 

3-11* What mechanical device (s) cause (f) the 

compass to be called a mechanical compass? 

1. Ballistic 

2. Offset point of connection 

3. Both 1 and 2 above 

4. Compensation weight 



3-12. 



2. 
3. 
4. 



3-13. 



3-14. 



3-15. 



The Sperry Mk 19 gyrocompass employs 
whiiph of the following to make It north- 
seeking? . ■ ^ 

1. The pendulous factor 
Electronic control system 
Both 1 and 2 above 
Mercury ballistic ^ 

What causes the resistance to vary between 
the upper and lower ^ectrodes of the 
electrolytic level? 
4. The movement of the bubble 

2. The movement of the poterttiometer 

3. The speed of the accelerometer 

4. The movement of the mercury^baljdstic 

The signal from the electrolytic level is 
amplified by the gravity reference system. 
Where is the amplified signal applied? 

1. To the mercury ballistic 

2, To the offiBet point of flonnection 
3.. To; Both' 1' and 2 above 1 

V-^Thtbugh to^ to the sWaltjLveV 
element' • ' 

The mercury ballistic applies tot'qiie, :/r 
about the ' ' 

1. spin and vertical axes 

2. vertical axis 

3. horizontal axis 

4. horizontal and vertical axes 



3-16. In the electrical/electronic compass 

dampening torque is obtained by applying 
a portion 

1. of the gravity reference signal about 
the vertical axis 

2. of the torque from the mercufry. ballis 
tic about the vertical axis 

3. of the gravity reference signal about 
. the horizontal axis 

4. of the torque from the mercury ballis 
tic about the horizontal axis 



Learning Objective: Recognize charac- 
teristics^ functions, and operating • 
principles of the Mk 11 gyrocompass 
and its associated equipment. Text- 
book pages 92 through 101. 



3-17. 



3-18. 



3-19. 



3-20. 



3-21. 



The Sperry Mk 11 gyrocompass is used 
principally on what type ship? 

1. Cruiser , * 

2. Aircraft carrier . * 

3. Destroyer ' . \ 

4. Mine 8we''eper V -j, i , - 

Which of the following is NOT a part of-, 
the sensitive, or north-seeking eleto^snt? 

1. Vertical ring 

2. Compensator weights 

3. Binnacle . 

4. Follow-up indicator 



The rotor of the Mk 11 Mod 6 gyrocompass 
rotates at a speed of 11,000 rpm in a 
vacuum of 

1. 10 to 20 inches of;.mercury "^1* 

2. 15 to 25 inches of mercury 

3. 20 to 30 inches of mercury < -V ' 

4. 26 to 30 inches of mercury ; ' * \ 



When a gyrocompass is NOT runni^jj'^ tiie 
vertical ring should be locketf irr/pyopW 
al ignmen t so t ha t the " '^^ " i-*,; ; ' 

1. suspension wire does not obtain a ^ ' 
lasting set 

gyro case cannot tilt about its 
horizontal axis 

gyro rotor cannot tilt about its 
horizontal axis 

suspension wire does not bear the 
weight of the mercury ballistic 

The compensating weights are attached to 
(a) and can be adjusted in the 
direction of (b) 
1. (a) Phantom ring; bX Rotor axis 



2. 



3. 



4. 



2. 
3. 
4. 



(a) Vertical ring; (b) Rotor axis 
(a) Vertical ring; (b) Vertical axis 
(a) Phantom ring; (b) Vertical axis 
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3-22. The sensitive element is suspended from 
the phantom element by 

1. small steel vires 

2. two steel bars 

3. a series of steel balls 

4. a rubber coupling 

3-23. The phantom element has horth-seeking 
properties of its own. 

3^24. Where are the mercury ballistic support, 
bearings located? 

On the vertical ring ^ 
2» On the -glmbal ring 
. 3. J l>n the rotor case 
* 4. On the phantom ring 
•1 *• 

3-25. THe gravity-controlling force of the 

mercury ballistic acts upon the sensitive 
element of a gyrocompass through the 

1. mercury reservoir 

2. mercury ballistic frame 

' 3. offset connection bearing 
4. mercury ballistic solenoid .^ 

3-26. 



^'^3-^27. 



3-28. 



3-29. 



3-30. 



3-31. The transmission system provides a meains 

to transmit OSC readings to gyro repeaters 
at various stations on^the ship. 

3-32.. The visual alarm for the transmitter 
overload relay is a red lamp. In the 
transmission system of the $perry Mk 11 
gyrocompass, what happens when a trans- 
mitter overload relay is energized? 

1. The alarm lamp is energized 

2. The alarm lamp is energized, and the 
transmitter rotor is deenerglzed 

3. The alarm lamp is energized, and the 
transmitter stator is deenerglzed ^ 

4. The alarm lamp is energized, and both 
the transmitter rotor and stator are 
deenerglzed 



Learning Objective: Identify a Mk 19 
gyrocompass, its associated equipment 
and functions. Textbook pages 102 
through 113. 



Which component of the gyrocompass supports 3-33. 
the inner members of the master compass? 

1. Phantom element 

2. Suspension wire 

3. Binnacle 

4. Spider 

The 120^volt, ^phase 60-hertz power 

supply is designated as a Secondary 3-34. 

source of poyer for the compass. 

If the primary' source of power fails, the 
secondary source (the 24-VDC battery) 
will drive the motor generator. Where 
is the battety throwover relay found? 

1. On the motor generator ^ ' 3-35. 

2. On the c^ompass control Ml|el , 

3. On the bridge alarm. indic9tor 

4. On the'lC switchboard 

What is the purpose of the damping 
eliminator switch? 3-36. 
1. To restart the motor generator 
i.. To start the damping action of the 
mercury ballistic 

3. To stop the damping action of the 
mercury ballistic 

4. To stop the motor generator - ' 

The purpose of the followup s^^stem' Is tp*; 

1. detect any misalignment .between^ tfeS^ ■ . 
phantom and sensitive eXementsv ' - 

2. drive the phantom elemerit in. the ^. y '3t37; 
proper direction tcy restore; alignment , " 
with the sensitive elemettt . , . ) 

3. accomplish both 1 ahd 2 above . , ' 

4. drive the sensitive ' element in the ' ■ 
proper direction to restore alignment 

with the phantom element 



The Mk 19 gyrocompass is superior to all 
compasses preceding it because 

1. it furnishes accurate heading data 

2. it accurately measures and transmits 
angles of roll and pitch 

3. of both 1 and 2 above 

4. it is les^ exp'^nsive 

Qne of the design features ^of fche^ Mk.l9 . 
gyrocompass Is. that;-it' \ .^^ * .-^ Ji 

1 . tontains; Only one. gy.rp] * . . * p ' 

2. has two jiori.zpnial^.'^tbbunte'd ^^ros 

3. has two 'vert Ipal^y" mounted! *gyifo8 

4. has three hox^lzontally mounted gyros 

T^he slave gyro furnishes 

1. heading information 

2. heading and pitch information 

3. ^ ;heading/0nd roll information ' 

4. roll jtfni pitch information 

How , are the tneridian and slave gyro 
spheres suspended? 

1. the meridian is suspended by steel 
wire; the slave is suspended in oil . 

2. The slave is suspended by wires from 
the meridian 

3. The slave and meridian are both 
^uspended in oil 

4. The slave and meridian are both 
suspended by wires 

/. 

Wklch of the following is/are Included in 
the compass element? 
1. Followup amplifier 
2« Alarm system 
3. Both 2 and' 3 are correct 
'4; Phantom 
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3-38. 



3-39. 



3-40. 



Which of th€^ following Is/are Included in 
the phantoni assenibly? 

1. Sehsltlve element 

2. Gimbals 

3. Phantom , 
4« All of the above 

Where are the roll and pitch sjmchro 
assemblies mounted? 

1. Roll and pitch phantom 

2. Azimuth phantom 
. 3. Phantom element 

4. Frame and binnacle 

Which of the following units is NOT 
contained in the control cabinet of the 
Mk 19 gyrocompass? 

1. D.C. power supply 

2. Analog computer 

3. Amplifier 

4. Sensitive element 



3-48. 



3-49. 



3-50. 



3-51. 



3-41. 



3-42. 



Where are ther computer amplifiers mounted? 
'1. On the front of the control panel 

2. On the rear of the control panel door* ^ 3-52. 

3. On the T-shaped paqel ' 

4. Behind the annunciator ' W 



3-43. 



3-144. 



^3-45. 



^The follbwup amplifiers are 

1. type 1 

2. type 2 

3. type 3 

4. identical and interchangeable 

Th^ regulated output voltage produced by 
Che: voltage regulator for the Mk 19 gyro- 
:comp«9&^is accurate to • 

'^'-u- .±i Vv'.yoit; • ' 
2- '\dto.^v^^<>it.: \;v- . 

' :Vp,lt$, • 

/^^~ :^o^ vqitV ' ; 

•Th5?,^ompads failure annunciator for the 
Hk '^19^Mod 3A gyrocompass is a visual and 
' .^uc^lbie indicator . 

The fltandby supply of the Mk 19 Mod 3A 
gyrocompass is a static supply. 



3-53. 



3-54. 



3-55. 



3-46/, -All controls for the Mk 19 gyrocompass 
V system are contained in 
' .. . 1. three major systems 

, three major systems and one minor 
system 

four major systems 
four major systems and one minor 
system 



3-56. 



: 2. 
V 3. 

4. 



3-57. 



:?^4^.l Which of the following signals is NOT an 
' output of the gravity reference system? 

1- Tsngent latitude component 
:i.y- 2. Msridian control signal 

3. Dsttping signal 

4. Compensated tilt signal 



The output Of the azimuth control 
amplifier is applied about the vertical 
axis of the slave gyro. 

How many electrical degrees ia the , 
torque reference field displaced from « 
the control field? 

1. 45° 

2. 90" 
3: 120° 

4. 180° , ' 

In figure 6-21C, the meridian gyro 
leveling control system has (a) 
4nput(s) and ' (b) output (a). 

1 . (a) one; (b) two 

2. (a) two; (b) two 

3. (a) two; (b) one . 

4. (a) three; (b) one . 

Compensation signals In the Mk 19 
gyrocompass compensate for earth, 
ship and mechanical effects. 

How is north^south drift compensated? 
1 . Manually 



S sine C , 
S cos C 

North-south acceleration computer 



The latitude and tangent .latitude 
computers compensate fojf'^artjl rates. 

:>/,':-:'^' ^/ ■ 
Where is the azimuth ^iclto^f/for the 
azimuth followup systeig, io<iated? 

1. On the gyro sphere^' 

2. On the vertical ring 
.3. On the azimuth phantom 

4. On the horizontal ring 

Whete is the meridian gyro roll-pitch 
pickoff located for the roll-pitch 
followup? .•./^^> 

1. Gyro sphere . / ' 

2. Meridian gyro cradle* 

3. Slave gyro cradle 

■ 4. Meridian vertical *ring 

What ^positions the roll-pitch synchro 
data transmitters? 

1. Roll-pitch resolver 

2. Roll-pitch phantom 

3. Roll-pitch followup amplifiers 

4. Roll-pitch followup motors 

What actuates the alarms for the Mk 19 
> gyrocompass? 

1. Above normal tube current 

2. Normal tube current 

3; Failure of tube current 
4, Energizing the alarm relay 
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*3-58. What is the purpose of the, fast-settling 
system? ' * ' 

1. To reduce startlng^ time 

' . ' . 2. To level the gimbals 



.3. To eliminate damping 
A. Each of the above is correct 



Learning Objective: Describe records, 
logs, maintenance and operating pro- 
cedures for all gyrocompass. Textbook 
pages 113 through 116. 



3-59n The Gyro Service Record Book is a record 
of all work performed on the gyrocompass, 
;icluding planned maintenance. 

3-60. Whojis responsible for the care and 
mai/itenance of the gyrocompass? 
l/ Navigator 

Executive officer 

3. Engineering officer 

4. Each of the above 

3-61. What is the greatest problem caused by 
neglected records? 

1. False record of reliability 

2. Incorrect dates 

3. Inspections are neglected 

4. Repairs are neglected 



3-62. Hov does PQS help the Ugili^ering officer 
obtain cotrect maintenance? ^ 

1. Ensures that watchstiaders are 
qualified " . 

2. Ensures that operatdts ire qualified 

3. Ensures that mainteiuuiet personnel 
are qualified 

4. Each of the above ia correct 

3-63 . Whenever the gyrocompass ia started , the 
time must be entered in th9 Engineering 
log. 

3-64. When is the standby compaas made the y 
master compass? 

1. When the 20-2400 watch is relieved 

2 . When the end of the quarter is 
reached 

3. When there is a casualty to the . 
master compass 

4. When the senior engineer of the watch 
designates a change Is required 

3-65. Who grants permission to secure the 
gyrocompass? 
^ 1. Commanding officer 

2. Navigator 

3. Chief Engineer 

A. Engineering officer of the watch 





control 

it 

Textbook Assignment: Pages 117 • through 162 



Learning Objective: Recognize the 
characteristic^ of a no break power 
supply. Textbook pages 117 through 



4-1. 



4-2. 



4-3. 



What are the voltage and frequency low ' 
limits of a no break power supplv? 

1. 317 V 54 Hz 

2. 315 V 54 Hz ' 

3. 315 V 57 Hz 

4. 317 V 57 Hz 

What Is the maximum tlnie required for a no 
break power supply' to return to the normal 
mode after normal power has been restored? 

1 . • 1 sec 

2. 2 sec 

3. 1 min 

4. 2 mln 

What Is the tolerance range of the voltage 
regulator under high load and tempe^rature 
variations? 

1. 5% 

2. 2% 

3. 9% 

4. 4% 



Learning Objective- .Recognize funda- 
mentals of operation of a no break 
power supply, fextjjook pages 117 
through 125. . . 



4-4. Under the nbrmaT operating condition, what 
Is the supply- ipftd In a no break power , 
supply? 

1. Emergency power supplies the a.c. motor; 
d.c.. generator charges the bTttery 

2. Ship's generators supply the a.c. motor; 
d.c. generator charges the battery 

, -^^^'^^^y '^"PPlies the d.c. motor; a.c. 
gerierdtor' supplies the critical loads 
Emergertfy power supplies the a.c. motor; 
d.c. generator supplies the critical 
load 



.4. 



4-5. 



4-6. 



4-8. 



4-9^ 



What event takes place If the Input 
voltage beco^s higher than the reference 
voltage In the error voltage detector 
circuit as shown In figure 7-3 of the 
textbook? 

1. The voltage drops across R6 

2. Ql conducts more; than Q2 

3. Q2 conducts more than Ql 

4.4 The ppwer supply will shift to the 
stoprgap mode 



What happens to capacitor C4 when the 
; voltage peaks at the unijunction transis- 
tor Q4? / 
■ 1. C4 will short ' 

2. C4 will open • 
I 3. C4 will charge 
, 4. C4 will discharge .\y . 

4r7. Refer to figure 7-6 of the i^fextlibbk/ ' flow< 
do SCR's accomplish power contVon : . 'a .* 
1. By varying the voltage of; thV^tritfg^rV 
pulse , . . . 

. 2, By varying the conducting Timle S'f ih^ 

^* gate pulse 

3. By varying the trigger time onr^ach ' 
' half cycle 

4. By varying the conducting an^l^ 

> ' fl. 

The average power output of "the generator 
field rectifier can be varied by delaying 
the gate pulse from zero to nearly 180** 
along the phase time axis of each half 
cycle. 



Learning Objective: Polht out 
maintenance and repair practices 
for* a no break power supply. Text- 
book page 126. 



What Is the. maximum allowable pressure to 
use, In cleaning the no break power supply 
.motor-generator with compressed air? ' 
1\. 10 psl 

•2. 20 psl ^. 

3. 30 psl ' 

4. 40 psl . : . ; • 



22 



241 



MP- 



. ; Klilch method can be used to dry the 
/windings of a no break power supply 
" mptor^-generatqr 'set' whose lhsul4t Ion 

rjea^tance- ta less than ^"^"egohtt?. 
^. 1., .Blow.watm air across the windings with 
fan . • 

2:i Dry the windings in an oven at a 
* ' temperature greater than 90** C* 

3. Circulate through the windings a low 
voltage current that exceeds 80% of 

^ full load rating 

4, Each of the above 



Learning Objective: Identify the 
principles of operation of ^static 
Inverter. Textbook pages 127 
through 134,,; " 



4-11. 



The input voltage to the model 4345A 
static inverter, which develops 400-Hz 
3-phase output, is 



4-12. 



4-13. 



4-14, 



4-15. 



ERIC 



220 VAC 
120 VAC 
120 VDC 
250 VDC 



What components enable the inverter to 
ccJitivert a 2-phase input to- 3i-phase power? 

1. GpcilJ^ioi^^ assembly/ 

2. Variable piilee width generator ^ 
3* ScoCtvT^XfonttjBcted transformers 

4. Vovey' BiaM.:'* 



The re-£eirehc'e/ frequency used in the 
4345A at'etid; iriyerter control circuits is 

- 1600ViH^V*. ' 
800 Hz'' 



400 Hz 
60 Hz 



the 
a< 



■ "-4 



4-16. In textbook figij^e 7-11 the time frame 
that C2 discharges , is determined when ' • 
I*. ^Q2; *«tops conducting; , 
:-\ 2. * CR2'*'8^8^5!t8. cow^^ / 
^ ;3*;\,f Q4^:8tpp(8. conducting 
» 4^ .;CRi !dt5p8 conducting 

4-17. ' Vflfien^^^pi?, Stops conducting, What action 
canals* the induced voltage irt the 6-7 
winding to reverse polarity? " . 
i. Sudden drop to zero of cdrrent. ip ; 

the 2-3 winding of Tl r. 
2: Gradual drop to zero of ^i^i^^fe^^ 
f \the 2-3 winding of Tl -^^"^^^ ' 

3. '^^fldden rise of current ih'^^^ 2-3 

winding of Tl t 

4. Gradual rise of -current in 'tfti&'.2-3 
1^ \*inding of Tl 



4-18. 



4-19. 



4-20 ; 



Refer to textbook figure 7-10. The 
outpuj^^of the power stages is filtered 
to dH^ert ^' . 

1\ a 400-Hz square wave to a sine wave 
2>7J an 800-Hz square wave to a sine wave 

3. d 400-Hz sine wave to a square wave > 

4. an 800-Hz sine wave to a square wave 

Transients developed in the system are/^V 
removed by tjae»'-^ , j '/ 

1» filters^.^^;: y'lV 

2. po\dtr "stage^s^ •i*-;' 

3. clippers ' 

4. drivers- 

The''p;?(esence of which d.c. signal,-J,n the 
synchronizing stage should enalilie the 
multdvibr^St tdrtum the statjc,:" ' 



inver\^er >t 




The width of the ^ulse received by 
voltage error-sensing circuit from 
VPWG is determined \ by which of the 
following? . . / 

1. The duration of \ time that the 
monostable multivibrator is in an 

..unstable state \« 

2. The level of conduction ^f^; the o 
transistor in the\ rooduJatiDg circuit 

3. ' 'ttie' iaiiicharge tim^ of |the 'flljtipacitor 
- in the modulating cirAiit r 

4. All of the above ' i'S ' ' 

* V ^ " ' . ' . 

Once the SCR has\tartW. conductlTig, the 
only way td stop ^pnd>itt:^on '4s.^j^J^0 

1. remove the gate vol^t ape 

2. t^eyerse'; the ga^ vblt^ge f> 
.3. -apply a ^slightly ^gjriatjer *j'4verse 

pe^ative* ari^de 4o cathode 
• ^ voltage 

4. apply a slightly greater i:^verae 
positive anode . to negative cathode 
. voltage 



4-21. 



The time delay introduced by the B- 
voltage interlock in tbe synchronizing 
stage enables/' which, circuit to reach a 
steady st^a|:e /before the static inverter 
is tilrned ^x(V ■ ' 

Oscillator . " i 

Vi^iat^ pulse width generator 

c^hrpiilaing.. ^. . " *^ 
(^e dVoye' ■ rj- . 

the ^^^dfc>mpde t-he 'Jontrol circuity 
lir pqw^Tryf rom the 
5T) -VDCi^pofifl^r supply 

power source 
tbf the* inverter - : 
id . Inpuji vdltage 





* U 



4-23. 



4-24. 



4-25. 



4-26. 



4-27. 



The duration of the ON time of the power 

st^ge is controlled by the 

1- leading edge of waveform C 

2. tralll^ig edge of waveform C 

3. lading edge of Waveform P 

4. trailing edge of waveform P 



Learning Objective: Point out the 
functions of the general components 
of an eltectrohydraulic load-sensing 
governor. Textbook pages 135 
through 141.. . 



2. 
3. 
4. 



Which qompbn^nt correct]^ rpo;iit ions the 
sfeeam valve or throttle in an electro- 
hydraulic load-Hfensing governor^? 
1. Magnetic ainrflifier ^. 
EliectrblTfydi^ulic actuator 
Flyweight head assembly' 
Permanent ma^et gen^tator 

- ■ . ■ ' 

An error signarus produced by which^Ql- 
^.?ii^'!^*^^*'^Wt58^^=^=^ i." 

1. 'Bpeed signal circuit 

2. -"; Transistor amplifier circuit 

3. Referen.ce circuit 

4. frequency sensitive and reference 
circuit 

In figure 8-? of the textbook, chaRges in 
•l9ad are detected before they appear as^ 
-s^eed chang^es by the 

1. EG-H control box ' 

2. permanent magnet generator 

3. lokd signal box 

4. resistor box . 

What happens when the remote servo piston 
movement i a shopped by the control box ' 
signal returning to its on-speed value? 

1. The pressure differential dissipates 
? \on both sides of the buffer 

2. • The buffer spring returns the buffer 
piston to the norxoal position 
The pilot; valve remains centered until 
the turbine ^^sfpeed is adjusted 
All the above evepts occur 



4-29. 



4-30. 



-■4-^317 



4-32. 



3. 



4-33. 



4-28. 



Where is the refcrenoe voltage developed 
for the EG-M contr6ir box? ' 
r. Speed setting potentiometer 
2. EG-M control box 
•3. Permanent magnet alternator 
4. Load signal circuit 



4-34. 



Learning Objective: Recognize the 
fundamentals of, operation of an 
electrohxdraull(i load-sensing 
governor. Textbook pages 135 
through 144 . ' * 



The proper load ratio for paralleled 
generators equipped with electrohydraul; 
y load-sensing governors is obtained fey 

1. using load-measuring circuits in th< 
governor 

2. a circulating ciirrent, in the tie 
cable connecting the generators, act 
in the transistor amplifier circuit 

3. increasing or decreasfng the amount 
of fuel supplied tp^the generator 
prime mover 

4. eacf| of the above . 

In the jtext refer to figures 8-3^ 8-4 
and 8-'5.£i>r items 4-30 through 4-35. * 



The EG-R hydraulic actuator receive? .its 
operating oil from 

1. one of its' own oil,.-s6mps 

2. the oil system Tor turb/tie'^ control 

3. the engineroom hydrdullcl system 

4. a generatblf bearing voil ^ump 



What quality 6f 'an el^Bctrohydraulic 
governor is enhanced by a temporary 
negative feedback signal? 'J, 
1. Dependability I 
Stability' 
Reliability 
Each of the above 



2. 
3. 
4. 



What Is the purpose of th^ grooves that 
surround the EG remote ser^o piston? 

1. /To fmooth the movement; -lof^the piston 

ty allowing oil press^ire to equalize 
on both sides of the piston • 

2. To ensure that any l^saks- of pressur- 
ized oil from the servo come from a 
part of the. hydraulic system that 
will do no harm 

3. To allow a pressure differential to 
dissipate at the same rafe that the 
electrical signal is reduced 

4. To displace oil on either side of 
the piffton to create a pressure dif- 
ferential on the upper side of the 
compensating land 

What happens to the steam when the EG 
remote'servo piston U forced upward? 

1. It decreases ' 

2. It increases 

3. It oscillates 

.4^. , It remains steady $ 



What happens to the Axi^vl-^ oi% of'-the 
EG^R;hydraullc ' actuator Whiph the unit 
shut down? * ^ 

1. Pressure Increases through port A 

2. Pressure increases through port E 

3. # Pressure decreases through port A 

4. Pressure decreases through port E 



is 
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4-35.; If the speed section offers -10 volts- 
and the reference section offers +10 
voXts, what voltage- Is applied to the 
amplifier l^ection of the EGrM control 
box? 

1. Zero volts 

2. -10 volts . . ^ 

3. +10 volts ' . 

4. +20 volts 



Learning Objective: Identify the 
operating parametlsrs and greatest 
source of trouble with the electro- 
hydraulic governor. Textbook pages 
144 through 146, - ' 



When answering items 4-36 through 4-38 
refer to figure 8-6 in the textbook. 

** ' ' ' ' 

4-36/ What happens to decrease the potential at 
point B? 

1. An in^ctease in the current through R5 

2. A decrease in the voltage drop through 
R5 . * 

3. An increase in the resistance of the 
speed setting potentiometer 

.4. A decrease in tHe potential at point 

■ A _ . . ■ ' • ; 

4-37. How is the turbine affected if the control 

•box is disconnected at point I? 

^ 1 . It stops 

. /2. It speeds up ' - ^ 

3. It hunts excessifvely 

4. \?-Xt slows down 

4-38. An open at point J of the cpntroT^box will 
cause ' ; 

1. the^,prime mover to stop 

2. 'a loss in reliability . - 
' . ; 3. a lo§s in stabilization 

* ^ ' 4.. ^the speed of the prime mover to 
Increase 



Items 4-39 through 4-41 refer to figure 8-9 of 
the textbook. Select from column B <the function 
for the pptentiometer in column A.. 



A. Potentiometer 

4-39. Jic^tJp adjustment'.* 

t 4-40.^ Load pulse. adjust- 
mesjt ^ 

*4-41. **Gairf adjustment 



B. Functions 

1. Compensates for 
the difference in 
generator ratlings 
ai\'d reactive 
loads 

2. Changes the 
amplitude of the ■ 

g input signal 

3. Compensates for. 
.the change in 
direction of the 
steam valve 

4. Applies a vari- 
able voltage to 

( transformer- T2 



4-42. What are the input voltage limits across 
the hydraulic actuator of a single 
operating unit? 

1. +0.5 to -0.5 VDC 

2. +5.0, to -0.5 VDC 

3. +0.25 to -0.25 VDC 

4. +2.5 to -2.5 VDC . 

4-43. What is the source of,, most of the troubles 
in the hydraulic act)u&tor of a load- 
sensing govetnor? 

1. Unit out of adjustment _ 

2. Defective control^' oftx 

3. Faulty actuator 

4. Dirty hydraulic oil*" 



Learning Objective: Point out 
fundamentals of enginieering 
casualty control. Textbook pages 
'147 through 152.. , 



4-44\ 



4-45. 



4-46. 



tfho is responsible for formulating , 
engineering casualty procedures and 
instructions pertinent to the electrical 
plant installed aboard your class of 
shipj? ; ' 

1. Engineer officer 
2.. Commanding officer 

3. Type conmiander, 

4 . Squadron commander 

The primary objective of engineering 
casualty control is to . 
1. minimize personnel casualties 
minimize secondgry^ damage to 
engineering equipment ; * " 

maintain maximum reliability of 
engineering equipment ' 
operate engineering equipment at 
maximum economy 



•* ♦ » 

Each of the following is a ;iormal function 
of casualty control except , ,^ 

1. ifispecting engineering equipment V 

2. operating engineering equipment 

3. replacing a damaged pare on engineet- 
ing equipment to prevent further'^; 
damage . r ■ 

overhauling completely a piece of^ 
engineering equipment. 



4. 
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A-A8. 



A-.A9. 



A-50. 



A-51. 



A-52; 



A-53. 



The restoration phase of casualtyr control * A-5A. 
is concerned with the minimization of 
operational damage to prevent secondary 
damage t<* vital machinery. 

Continuous operation of equipment under 
casualty conditions, is a responsibility 
of a Chip's i' 
.1. ^operations officer , 4.5 

2. commanding officer - - 

3. engineering officer 1 ^ 
Ai officer of the watch 

Which of.. the following best descr^^^' , 

engineering, readin^89. condition ,2" aboard 
^a DD? 

1.. Boiler and turbine combinations in 

use; .remaining boilers available 

withiti 8 hours > ~ 

/2. Two boilers in use; remaining boilers 

secured, but operational within 2 

hours . • ' . 

3. Two boilers in use With the main plant -2 . 

split; remaining. boilers boosted to 

assume readiness within 1 ^ur ' » 
A. Four boilers in use with' the main ~ 

plant split . ■ » 4_5g|'^ 

Which of the fallowing enjgineering condi- 
tions of readiness 'is concerned with ? 
obtaining, the best fuel .economy to 

conform with operational requirements? 

1. Condition 1 " ' 

2. Condition 2 , <■ 

3. Condition 3 :. 
A, Condition A T 

A continuous training program ^long with 
effective personnel organization will 
ensure the application of prompt correc- • . 
tive act ion' to an engineering casualty, ' 

What is the primary means of communication 
between the engineer officer and the " 
various watch teams during casualty" 
control procedures? 

1. Sound-powered telephones , 

2. A general announcing system 

3. Messengers 

A. Ship's service teI>ephones 

Assume tHkt valves "x'.ifX. and Z, must be 
opened, to cross-conneqt main feed port- 
side. Which of the following commands ^ 
will be most effective in accomplishing 
the crqtss-connection? •* 

1. "Portside, open all main and auxiliary 

c^^jt 1 II ■ 



.A-57. 



Who is responsible for marking' the • V 
casualty control board located in the 
after engiheroom? 

1. Messenger fi;om Repair 5 

2. Engineer officer 
3» 2JV talker 

A: Puty MMC . < ' ' . ; . 

Assume-^that a ^ire has made ^it necessary 
for all personnel to ab^iA^op fche after 
fireroom. ^ To whom do tjiese peJfsonn'el- 
. report 5or assignment txj ;daty,? ..• 
1. Damage control of f icer *^^->^'^'' . 
Officer in charge of Repair 5 
Officer of the watch. 
2,1V talker at the casualty control 
, board at main engitie control 



2. 
3. 
A. 



Learning Objective: Recognize fire- 
room, engirieroom and propulsion plant - 
casualties, and procedures for handling 
Textbook pages 15A througJi 157. • 



t hem . 



Assume that the 2JV talker receives the 
message, **Class B Fire, fireroom No. 1 
portside under FOS pump 2.'^ Then,- the 
2JV talker loses contact with the fir^- ^ 
rqpm talker. What action must be taken 
immediately? 

1. Eriginetoom No. 1 must be notified -to 
,,si:^affl on the auxiliary line. ' ' 

The bridge must be notified, ahd' fire- 
'T^om'TTo. 1 must* be secured from 
topside and*adjacent spaces 
Repair 5 must investigate the fireroom 
and aid personnel 

The 2JV talker must attempt to rees- 
tablish communications with the fire- 
room and if this is not possible, he 
must notify the officer of the watch 
of the break in communications 

During a casualty in the forward engine-" 
room, when the 2JV circait« is damaged, 
who is responsible for rigging an 
emergency circuit? 

Engineroom talker- > 
Electrical repairman of Repair 5 
Messenger of Repair 5 
Repair 5 team assigned to .the ^ob 



2. 



3. 



A; 



1. 
2. 
3. 
A. 



A-58. 



2, 
3. 
A. 



feed valves. 



"Ci^oss-connect main feed port side." 
"Portside, open valves X, Y, and 2," 
"Open main and auxiliary' feed valve^, 
X, Y, and Z, portsidttr." 



Whetx a ship's sp§ed is affec;^ed by an 
engineroom casualty, the engineer officer, 
of the watch will immediately notify the 
engineer officer ^ ' 
officer of the deck 
.executive officer 



1. 
2. 
3. 

A. 



commanding officer 
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4-59. What Is the mo8|; Important single factor 
In efficient control of a flreropm 
casualty: affecting englneroom operation? 

1. Flow of Infbrtbatlon between affected 
spaces • . : ^ — ^ 

2. Speed of corrective action 

3. Safety of personnel 

. 4.; Speed In cross-connecting standby 
units . . 

4-60. Which of the following actions should an 
Electrician's Mate take when^the flreroom 
cepprts d boiler :hlgh water casualty 
dbrlng split plant operation? 

1. Trip the shlp^s service generator 
circuit breaker 

2. Close the a, c.'. and d.c. bus- ties 

3. Do both of the above 

4. Trip the ship's- service turbogenerator 

.v. - • • * tv • 

,4-61. Which'of the following procedures should ^ 
thiB flreroom watch carry ,out If loss of 
fuel oil suction occurs? ; 

1, Secure^'the burners and blowers and ."/ ' 
start the s-tandby service pump with 

« ' suction on the standby service tank 

2. Secure the burners and blowers and 
start the standby service pump with 
suction on the regular service tank 

« . « 3. Secure the burners, keep the blowers 

running, and start the standby service 
. , ^ pump wltjj^uctlon on th.e standby. 

servl&e tank - 
4. Secure the* buttiers,*! qlose all regis-' 
terSj keep the. blowers running, and 
start the standby service pump. with 
suction on the standby service tank 

Assume that you are in charge of a fire- 
room team. Your men report *tO you that 
the burners are sputtering and the fuel- 
oil^ service pump is, suddenly racing. 
What is the probable cause of the trouble? 

1. The pump is alrbound 

2. The fuel oil pump has lost suction 

3. The fuel-oil suction line is clogged- 

4. The fuel line is broken 

** 

4-63. What is the first corrective action you,, 

should take if one of* a ship's tWip ■■■V;^ 
propulsion shafts begins to vibrate 
excessively? i ' 

Is Investigate the spring bearings 
2^ Slow the affected shaft ^ 

3. Stop and secure the affected shaft 

4. Slow both shafts ' . 



4-62. 



4-64. While yot/ are standing the englneroom 
' - watch» one of thQ- turbines begins to 
vibrate. What- should you do? 

1. Reduce the engin^ speed and the 
superheat temperature 

'1. Increase the engine speed and' rediite 
the superheat temperature *^ * 

3* Stop the engine and notify the officer 
of. the watch 
• 4. Stop the engine and investigate to 
determine the cause 

4-65. Assume that the shaft Effected by low 

lubricating oil pressure is rotating at 
three-quarter fullpower speed. To stop 
the shifty if steam is available, you 

?hould use 
. i the asterti throttle J 

2. ther' astern turbine 
5. the jacking. gear 

4. either the' astern throttle or turbine 

■\-'''' • . . 

Learning Objectives Recognize 
operating procedures under normal 
and emergency conditions of the 
ship's service electrical p^^ant. ^ 
Textbook pages 157 through 159. 



4-66. Which of tli§, following extinguishing 
agents' is used for electrical fires? ■ 

1. C02 

2. IChemlcaJt foam " *■ . 

3. ftechanlcal foam 

4. Water' fog 

A-6^> If the lube oil. pressure to a ship's 
service turbogenerator is lost while 
Operating split plant,, the usual steps 
to be t'^ken in securing the affected 
generator include ■ ^ 

1. tripping the generator circuit 
breakers 

2. maintaining oil pressure by means of 
a hand-operated lube oil pump 

3. cJ.oslng the a.c.-and d.c. bus-ties 
and the generator turbln^ throttle 

^ V; ■ • valve 

4. ' all of the above 

4-68. 'It is not necessary to stojp 'a propulsion 
generator to remove it from th^ line. 
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4-69. 



^-70. 



Assume that you are unable to operate the 
control transfer switch of a dlesel elec- 
tric d.c. drive. Which of the following • 
conditions Is the most likely cause? 
1. Controllers In the STOP position 
Excitation control switch In the 
position 

Excitation control switch In the 
position : 
All of the above 



A-72. 



2. 
3. 
A. 



OFF 



ON 



Learning Objecttye: Identify the 
purposes of 'the casualty power 
system and Its components. Text- 
book pages 160 and 161. 



^-73. 



The purpose of a casualty power system 
Is to 

1. provide lighting for the ship when ■% 
the normal lighting fall^ 

2. maintain a source of electYlcal supply 
for the most vital machinery nefeded to 
keep the ship afloat In case of damage^ 

3. provide an electrical supply for 
mak4.ng temporary repairs 

^. provide an electrical supply when the 
ship s service .generators fall 

Although the c^alty power system Is 
designed to utilize portable cables, the 
system contains perinanently Installed 
risers and bulkhead terminals. The 
purpose of the risers Is to - 
1. permit extension of circuits through 
decks without destroying the water- 
tight Integrity 
2: prevent errors In making connections ■ 
3. make Che system more flexible and 

simplify %t9 application and operation 
A. limit the loads to.be connected 



/»-75. 



Which components of emergency switch- 
boards feed §asualty- power to equipment? 

1. Bus bars 

2. Circuit brea^rs . " 

3 . Tr an s f orme r s ♦ . 

A. Casualty powQi' rifiet temlnalti 



Learning ObJectiVg: ^ Pbint pit^^e 
value of drill inv^iisualty control 
training. Textbook |>ag^a 161 .^nd 



Simulated casualty exercises are often . 
rendered ineffective l/ecause of 
1. the limitation of simulated casualties 
the lack of personnel with battle 
experience 
the use of dry runs 
inadequate advance preparation 



. 2. 

3. 
A. 



> 

What is the most important rfequirement 
for personnel who participate in simulated 
engineering casualty control operations? 
1. Expert knowledge of repair operations 
Familiarity with personnel casualty 
procedures 

Familiarity with battle conditions 
Familiarity with normal operating 
procedures 



2. 
3. 



Dry runs are essential in the training of 
new crews in casualty control because they 
permit* the crew members to 
1. become familiar with casualty control 
procedures without endangering the 
ship's equipment 

take action as they would un^^r actual 
casualty conditions ^ 
function under simulated realistic 
battle conditions 
do all of the above 



2. 
3. 
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Assignment 5 



Kaintenance Administrat ion and Visual Landing Aids 
Textbook Pages 163 through 191 



Learning Objective: Identify fundamentals 
of maintenance administration. Textbook 
pages 163 through 170.- 



5-1 



5-2. 



5-3. 



5-4. 



Corrective maintenance consists of pro- 
edures that extend the effective life 
.^f equipment or give advance notice of 
Impending troubles . 

What is the main objective of shipboard 
preventive maintenance? 

1. - To repair or replace equipment 

^- periodically eveti though It shows 
nb sign of wear 

2. -To prevent the breaking down, 

deteriorating, or malfunctioning 
ofcU^illl^pment 

3. Ti^'^^^jZe equipment failures to pre- 
' vent recurrence 

4. To correct equipment failures 

To fulfill Its main purpose, the 3-M 
System must result In 

1. automatic updating of information on 
Maintenance Requirement Cards 

2. self-starting and self-Implementing 
maintenance schedules ^ 

3. Increased operational readiness of 
ships 

4. complete elimination ^ of equipment 
failures 

Which of the following Is an. Important 
part a POl or CPO plays yln making the 
3-M system work aboard his ship? 

1. Providing cure-alls for equipment 
disorders 

2. Training lower rated men to use t:he 
system properly 

3. fer forming routine operating, checks 
only when they are listed under the 
system as planned 

4. Consulting the PMS Manual for the 
maximum maintenance action required 
to eliminate equipment failure 



5-5. As part of the MDCS, the data collection* , 
center has the primary responsibility for 
1,. filing the MDCS documents and making 

them available upon request 
2. cataloging the Information contalne^i^ 

on the MDCS documents * 
3j screening the MDCS documents for 

completeness and accuracy 
4. doing all the above "* • 

5-6. Hi which of the following manuals will 
'you find the codes Chat are used In 
reporting maintenance actions? 

1. PMS Manual ^ 

2. EIC Manual ^ 

3. MDCS Manual 

4 . NavShlps Technical Manual 

Items 5-7 and 5-8 are based on the following 
list of typical jobs done*by the shipyard 
force during a regular overhaul: 

A. Installing guided missile launchers 
and strengthlng adjacent deck 
structures 

B. Replacing corroded metal piping with 
newly authorized plastic piping 

C. Replacing a worn turbine bearing 

D. Rewiring the armatures of several 
electric motors 



5-7. 



5-8. 



5-9. 



What jobs are tlasslfled as repairs? 
1* A and B 

2. A and C ' ^ 

.3. B and D 
4. C and D.. 

Job A is classified as a NAVALT because 
this work causes a change In the 

1. maker's design 

2. ship's fighting ability 

3. ship's displacement 

4. shipyard overhaul budget 

SHIPALT CVA223A— USS Forrestal CVA-59, 
Indicates that the number of alterations 
approved for CVA's Is 

1. 23 

2 . 69 

3. 223 

4. 269 
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5-10. 



5-11. 



i5 



5-12. 



9r 



A3 



5-14. 



5-15. 



According to Navy Regulations, the period 
of t^e assigned a ship for uninte- 
, rupted accomplishment of work at a repair 
activity is the ship's 

1. availability 

2. technical availability 
3., shipyard overhaul 

4. upkeep period ' 

A ship needs emergency repairs to the 
anchor windlass at a naval shipyard. 
If the ship must continue her mission, 
which availal^ility classification will 
probably be 'assigned? 

1. Voyage repairs 

2. Technical availability 

3. Regular overhaul 

4. Upkeep period 

Under which availability classification 
can a ship leave ^a searchlight for 
'repair at a 'shipyard and have it for- 
warded to the ship's next port of ca.II? - 
^^1. Interim overhaul 
2. Technical availability 
Restricted availability 
Voyage repair , • * 

Generally, instructions to report for 'a ^ f 
2-week upkeep period will come to your^ ' 
ship from the . " V. -r 

1. Chief of Navaf Operations • * 

2. type commander - 

3. ship's commanding officer 

4.. repair activity command 3^ 

As a group leader you should pla^ in 
advance with your division officer, the 
repairs to be performed by a repair 
ship during a 2-week upkeep period. 

Who attends the arrival ponference with 
repair ship personnel to discuss the" 
ship's work requests submitted for a 
2-week upkeep perlojj? 
1. Commanding officer 
Executive officer 
Commanding off iter and engineer 
officer 

Executive officer and engineer * 
officer 



5-18. 



5-19. 



5-20. 



•5-21. 



5-22. 



5-23. 



2. 

,3; 

4. 



5-16. 



Each repair item sent by the ship to a 
* "pair facility should be tagged and its 
erial number should be recorded for 
ready reference. 

5-17.. The Electr¥? Shop at a naval shipyard is 
identified by the numerals 



5-24. 



1. 
2. 
3.. 
4. 



06 
07 
51 
72 



You will probably have some contact with 
the civilian personnel working at' a 
naval shipyard. Which of the following 
shipyard civilians has the highest 
rating? 

1. Superintendent I 

2. Superintendent II 

3. Group Superintendent 

4. Foreman (Leadingman) 

Assume you are the ship's supervisor 
and require a speedup in work on some 
equipment the shipyard has removed for 
repair. You will normally talk to the 
ship's progressman who is a 
1. civilian from the production 
department ^ 
supervisor from the planning 
department 

naval officer from the shipyard 
Leadingman from shop 56 - 



3. 
4. 
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WeeklyVp;:ogress reports of the regular 
overhaul' work being accomplished on 
co"™t^sioned naval vessels are sent to 
^if^M^ type commander 
^^J^fte Chief of Naval Operations * 
3. the NavSea System Command 
• 4. all of the above 

The petty officer whose name appears in ^ 
the ship's Inspector column of the 
Shipyard Overhaul Work Progress Chart 
is personally responsible for keeping 
the chart accurate and up-to-date. 

One of the purposes of the dock trial is 
to ascertain whether overhauled machinery 
is ready for service. 

Which of the following is a purpose of 
an engineering department administrative 
inspection? ' 

1. Ensuring that all records are kept 
in an intelligent and sound manner 

2. Ensuring that all hands are highly 
trained not only in their specialties 
but also in damage control 

3. Ensuring that all equipment is in a 
state of readiness so that the ship 
can carry out her intended mission 

4. Each of the above 

Administrative inspections are usually 
divided into two ca'tegories — general or 
detailed. Which of the 'following items 
is part of the general inspection? 

1. Condition of living spaces 

2. Posting of the Watch, Quarter and 
Sta^tion Bill 

3. Maintenance of Ship's Material 
History 

4. Availability of ship's plans 
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5-25. An objective of the battle problem is 

to determine how well personnel are able 
to work as a team under simulated battle 
conditions. 

5-26. The Board of Inspection and Survey 

conducts a shipboard material inspection 
• to determine 

1. the suitability of the ship for 
* further service 

2. needed repairs^ alterations, and 
design changes 

3. both 1 and 2 above 

4. the methods and procedures used in 
organizing each shipboard department 

5-27. Which of the following is a duty of the 

EM during an economy or full-power trial? 
1.^ Sounding fuel oil tanks 

Recording switcfiboard^instrument ' 
readings 

Sbserving condenser water injection 
and discharge temperatures 
Maintaining proper engine speed ► 



5-32. 



^ 2. 



L'earning Objecti identify components 

of the Visual Landing Aid^ by their 
function. Textbook pa|es 171 through 
191. 



5-28. Why were Visual Landing Aids (VLA) 
developed? 

1. To extend flight to night 

2. To extend JElight in 'foul weather 

3. Both 1 and 2 are correct 

4- To provide visual contact with the - 
ship 

5-29. Whal voltage is available to the homing 
beacon lamp? 

1. 440 . 

2. 230 

3. 115 

4. 32 

^5-30. The stabilized glide slope indicator (GSI) 
is essentially a servo loop. 
t> 

5-31. What is the function of the gyro on the 
stabilized platform of the GSI? 

1. To hold the platform stable by force 

2. To provide heading information to the* 
pilot ^ 

To furnish reference information to 
the servo loop 
4. To stabilize the light beam 



5-33. 



5-34. 



5-35. 



5-36. 



5-37. 



5-38. 



V 



5-39. 
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In the normal operating mode » where is 
the refeifence voltage changed fTom 9«c» 
to d'.c? 

1. Gyro demodulator 

2. Stab-lock relay , 

3. Servo amplifier 

4. LVDT demodulatof 

What does the amplified d«c. signal 
operate? 

1. Hydraulic actuator 

2. Servo valve 

.3. Servo pump i 
4. 0VDT demodulator 

f 

In figure 11-9 of the text, if the 
stab-lock relay is operated, the 
leveling signal will 

$1. flow 'from the gyro through the relay 

2. not flow fronf the LVDT through the 
relay 

3. flow from the relay through the LVDT 

4. flow from the LVDT through the relay 

In f^ure 11-10 of the text, what 
generates the error voltage that 
determines the position of the stable 
platform? 

1. Manual control pot 

2. Error detector 

3. LVDT 

4. Amplifier 

How many light dimmer controls are 
shown in figure 11-11 of the text? 
. 1. One 

2. Two 

3. Thi^ee ^ 

4. Four 

On the remote control panel, what does 
the standby, lamp indicate? • 

1. That power is available to the main 
switch 

2. That the main switch is energized 

3. That the source light" is energized 

4. That' the hydraulic fluid is up to 
operating temperature 

At what pressure will the low pressure 
relay be closed? 

1. 90 psi ^ X 

2. 1200 psi 

3. 1400 psi ' 

4. 1400 psi ±5% 

The lamp house assembly of the GSI 
contains which of the following? 

1. One lamp and two heaters 

2. Three lamps and* two heaters 

3. Three lamps 

4. Two heaters, a thermostat, and three 
lamps 
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5-40. 



5-41. 



5-42. 



5-43. 



5-44. 



5-45. 



What Is the purpose of the cooling fan? 
1. To c^ol the fresnel lens 
To cool the light tunnel 
To cjool the temperature control 
section 

To iool Che lamp house assembly 



5-46. 



2. 
3. 

4. 



How Is ^he dimmer for the edge lights 
connected?, » 



1. 
2. 

3. 

4. 



In series with a rheostat 
The primary of the transformer Is 
connected to a dimmer rheostat 
The primary of the transformer Is 
connected to a variable transformer 
The secondary of the transformer la 
connected to a rheostat 



In figure 11-17 of the text, how' Is the 
flash sequence for the- llne-up lights 
connected? 

1. In series with the variable 
transformer 

2. In series with the 115/6.5 voir 
transformer 

3. Both 1 and 2 are correct 

4. In parallel with the llne-up lights 



2. 
3. 
4. 



5-47. 



5-48. 



In figure 11-22 of the text ^' how many 
operating stations are shown for the 
WOL? • 

2. 2 ^ 

3. 3 , - 
4.4 . 

What Is/ace the purpose(s) of the three 
red HIFR lights? 

1. To Indicate ship's heading 

2. To Indicate height 

3. Both 1 and 2 above are correct 

4. To Indicate helicopter's heading 

Why can't the VERTREP lights and the 
llne-up lights be lighted at the same 
time? ., 

1. The transformer cannot carry the load 

2. The two sets of lights are- at right 
angles to each other 
The switching arrangement prevents 
Illuminating. both sets of lights 
simultaneously 

The fuses will prevenV operating 
both circuits^ at once 



3. 



4. 



What color are the extended llne-up 
lights? 

1. Amber- 

2. White: 

3. Green 

4. Red V ; 

Where are the vertical drop-line lights 
located? 

1. Aft of the llne-up lights 

Forward of the llne-up lights 
Across from tha^ touchdown light 
Up from the /forward end of, the llne-up 
lights 



5-49.^ The detector for the control circuit of 

the variable transformer receives 

1. one a.c. and one d.c. signal 

2. two a.c. signals 

3. two d.c. signals 

4 . one""^c . signal * 



Where Is the Master Control Panel of the 
wave off light (WOL) located? • 
1» In the flight control station. 

2. At the captain's bridge control 
station 

3. At the remote control station on the 
boat deck 

4. On the fantall . 
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COURSE DISENBOIiLMENT 



All study materials must be returned* On dlsenrolllng, . 
fill out only the upper part of «.this page ♦ and attach 
it to the inside front cover of the textbook for this 
course. Mail your study materials to the Naval 
Education and Training Program Development Center. 
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page and enclose it with your last set of self-scored 
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.Mail to the Naval Education and Training Program 
Development Center. 
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A FINAL QUESTION : What did you think of this course? Of the text material used 
with the coursed Comments and recommendations received from enrollees have been 
a major source of course improvement. You and your command are urged to submit your 
constructive criticisms and your recommendations • This tear-out form letter is 
provided for your convenience. Typewrite if possible, but legible handw.riting is 
acceptable, « ' \ 



Date 



From: 



ZIP CODE 



JTo: Naval Education "^nd Training Program Development Center (PDD 4) 

Building 923 . ? , 

1. Pehsacola, Florida 32509 ' . 

Subj: Electrician's l^te 1 & C, NAVEDTRA 10547-0 

l/ The following comments are hereby submitted: 



\ 
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